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ABSTRACT 


The fabrication of a complete microprocessor on a 
single VLSI chip is now standard practiceo Attempting to 
achieve this goal using manuai design methods os not a 
practical] proposition.: Computer aids piay an important role 
in the development and design of such single-chip micro-- 
process orSo 

This research project investigates the use of a 
hardware design language* AHPL* as the front end to a design 
automation process for a microprocessoro The popular MOS 
Technology 6502 is chosen as the object of the investiga- , 
t i on o 

After a detailed analysis of the internal operations 
and instruction set of the 6502* an AHPL description of the 
6502 is formulatedo This is followed by a simulation using 
HPSIN* the AHPL simulator* to debug and refine the designs 

As a final exercise* a scheme is proposed for the 
translation of the AHPL description into a Storage Logic 
Array form of -realizations 



CHAPTER 1 


INTRODUCTION 

In recently published books' and magazines on 
computers and digital systems* the term* design automation 
can often be encountered., The design automation as well as 
the term* computer-assisted design generally implies design 
method or a tool that can assist designers in designing or 
developing products in various fields such as digital 
hardware systems* computers of all sizes* and integrated 
circuits in the field of digital system designo The design 
automation can be applied to almost all areas of design 
processes because it is desirable to shorten the turnaround 
time of de sign o 

Especially* for the design of very large scale 
integration (VLSI) used in digital systems* the use of the 
regularity of patterns for communication between active 
elements is absolutely essential to implement a design 
automation system., Although resultant products realized by 
the design automation system tend to have reduntant regular 
patterns* this redundancy can be justified by the 
feasibility of the design automation system* the shorter 
turnaround time of design* and the simplicity of design 
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pr ocess o 

For the purpose of the design of digital hardware 
systems* hardware design languages have been invented. The 
use of a hardware design language is one of the important 
elements of a design automation system. A Hardware 
Programming Language (AHPL)* extensively described in 
reference 1 has been widely in use to design digital 
systemso Some compiler programs have been implemented in 
order to aid the design of the digital systems described in 
AHPL since AHPL was introduced. However* a new multi-stage 
compiler has b-een written in connection with several new 
notations and concepts added in the existing AHPL. 

This universal AHPL will be a useful tool for not only the 
design of conventional digital systems but also a VLSI 
implementation. 

Another important element of a design automation 
system designed for a VLSI implementation is to use a 
regular pattern for a basic element. A Storage Logic Array 
(SLA)* adequately described in reference 2 has been examined 
for the use of a VLSI implementation* and the study of a 
compiler capable of translating from an AHPL description to 
a VLSI implementation in the form of the SLA has also been 
carried out. As a result* it has been proved that the 
compiler is feasible and the use of clocked D flip-flops as 
the storage elements in the SLA is more natural. 
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In the SLA compilation project* an algorithm 
(stage 3) to translate the output of stage 2 of the new 
compiler into the data used for an SLA realization must be 
developed,. In addition* some design examples should be done 
so that the results of the examples can be fed back to the 
design of the algorithmo For this reason* the 6502 
microprocessor* as an example of an SLA realization* was 
selected.. 

Since the advent of the first microprocessor in 
1971* many microprocessors have been developedo In spite of 
the complicated operations of the microprocessors* they are 
usually designed by menas of a random logic technique,. The 
6502* an 8-bit microprocessor* is a sophisticated digital 
system itself and has many powerful instructionso 
Therefore* the design example of the. 6502 will be able to 
satisfy most of the requirements on establishing a design 
automation system aimed at the SLA realization,. The 6502 is 
also sufficiently complicated to confirm the completeness of 
the design automation system.. 

In implement ing the 6502 microprocessor in the form 
of the SLA* the following tasks must be worked outs 

1) D et ai I ed An a I ys i s of the internal operations of 
the 6502o 

2) The systematic development of a 6502 AHPL 
descr ipt ion° 



3) Simulation of the 6502 written in AHPLo 

4) Translation from the 6502 AHPL description to an 
SLA form by either manual work or a computer» 

Through this paper* the first three tasks are discussed with 
emphasiso An introduction to the SLA and the stage 3 
algorithm is briefIy mentioned in conjunction with the task 
of the tr ansI atione 

Chapter 2 presents a brief description of the 
haroware organization of the 6502 to prepare the background 
for the discussion in later chapterso Chapter 3 analyzes 
the internal operations of the 6502* and a 6502 AHPL 
description is developed step by step in the foilowing 
chapter., In Chapter 5* the preparation for simulation and 
the results of the simulation are explained., Chapter 6 
mentions an introduction to an SLA along with an algorithm 
for an SLA realization briefly., The results of a design 
example are discussed in the last chapter 0 

Finally* Appendix A provides a 6502 instruction set 
summary* and Appendix B presents a summary of cycle by cycle 
operation of instructionso Appendix C lists internal 
operations of typical instructions* while Appendix D 
describes internal operations of inputso A Karnaugh map of 
operation codes is included in Appendix E« Appendix F shows 
a complete 6502 AHPL description* wh i I e Appendix G lists 
combinational logic unit aescriptionsd The last appendix* 



Appendix Hj> demonstrates an exampie of simu!at»ono 



CHAPTER 2 


THE 6502 MICROPROCESSOR 

The purpose of this chapter is to give the reader an 
overview of the 6502 so that the reader can proceed to the 
following chapters with an equal knowledge of the 6502o In 
order to present a clear description* this chapter is 
divided into two sections* Hardware Organization and 
Instruction Set for descriptions of a hardware aspect and a 
software aspect* respectively.. 

Since the first microprocessor appeared on the 
market of digital hardware systems* many have been 
introduced.. The 6502 that is one of the third generation 
microprocessors was introduced after the 6800 microprocessor 
had been put on the market.. Because of the time of 
appearance* the 6502 has many similar features to the 68 .OO 0 

Hardware Organization 

The hardware organization and the instruction set of 
the 6502 are very similar to those of the 68 OO 0 The is due 
to the fact that the design of the 6502 was based on the 
68 OO 0 Like many 8 ~bit microprocessors* the 6502 has also an 
8 -bit data bus and a 16-bit address bus» This indicates the 
capability of addressing 64 Kbytes (8 bits) of memory.. In 
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addition to the data bus and address bus* there are nine 
inputs and four outputs used in the 6502o All inputs and 
outputs are put together into a 40-pin dual-in-line packageo 
There are three unuseo pins on the packegeo The pin 
configuration is shown in Figure L 

Inputs and Outputs 

The inputs and outputs consist of an 8-bit data bus* 
a 16-bi t address busp IRQp NMIp RESp RDYp PHIOp SoO»s R/Wp 
SYNCp PHIIp PHI2p two Vss°sp and Vcc 0 The inputs and 
outputs have their own distinct operationso Typical 
features and operations of the inputs and outputs will be 
briefly explained as follows! 

ADBUSCOS153 — The 16-bit output bus is used to 
address locations allocated in memory and peripherals and is 
compatib I e with TTL 0 

DBUSCOS73 — The 8-bit bi-cirect i onaI bus with the 
tri-state output is provided as a medium of transferring 
datao For examplep the microprocessor puts data onto the 
data bus for write operations and gets data from the bus for 
re-ad op er at i ons o 

IRQ *— The IRQ input is one of the interrupt input's 
provided in the 6502o The TTL level input requests an 
interrupt sequence in which the Program Counter (PC) and the 
Processor Status Register (P) will be stored in the stacko 
At the end of the sequence; the data from the location FFFE 




N.C. * No Connection. 


Figure 1 


Pin Configuration of the 6502 
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and the data from the location FFFF will be loaded into the 
program counter low and the program counter high* 
respectively for the starting location of an interrupt 
routine 0 This is a level sensitive inputo 

NMI — The Ml input is also used for an interrupt.. 
The only difference from IRQ is the use of the vector 
locations FFFA and FFFB; a non-maskable interrupt sequence^ 
and an edge sensitive inputo 

RE S -— The RES input is used to reset or start the 
6502 from a power down conditiono As in the interrupt 
sequence; the starting location for program control will be 
loaded from the vector locations FFFC and FFFDo 

RDY -— By the RDY input; ail cycles except write 
cycles can be haltedo This feature allows the 
microprocessor to be connected with a low speed memory 0 

PHIO — This PHIO input is used to generate a two 
phase non-overlapping clocko An internal clock generator is 
supplied inside the 6502o 

SoOo — The overflow bit in the processor status 
register can be set by a negative going edge on the Set 
Overflow Flag (SoOo) inputo 

R/W —.The R/to output is used to distinguish between 
those cycles in which the microprocessor is doing a read 
operation and those cycles in which the processor is doing 

o This output can also be used to control 


a write operation 
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reaa and write operations of memory modules and peripheral 
d e v i c e s o 

SYNC =•“ The SYNC output is provided to identify 
those cycles in which the microprocessor is doing an OP CODE 
fetcho 

PHI1 £ PHI2 -- The phase 1 clock and phase 2 clock 
of the two phase non-overlapping clock generated in the 6502 
are output on PHI1 and PHI2* respectively to be used by 
other devices 0 

By now? all of the inputs and outputs have been 
briefly described except for Vss and Vcc that are used for 
power supply.. The inputs and outputs are summarized in 
Table 1 for clarityo Detailed information concerning the 
internal operations of IRQ* NMI* and RES and the exact 
timing of the inputs and outputs should be referred to in 
reference 3 for further understanding.. 

Internal Buses 

The data bus and address bus are provided in the 
6502 so that the microprocessor can communicate with outside 
devices.. On the other hand* internal buses are employed in 
oroer that data can move inside the m i croprocessor 0 There 
are three internal buses* namely the Internal Address Bus 
(IADBUS)* the Internal Data Bus (IDBUS)* and the Argument 
Bus (ARGBUS)o These buses will be simply explained in 
connection with the hardware .organ!zationo 



TaDle 1. Summary of Inputs 


Signal Name 


Inpu t/Ou tput 


ADBUStO:151 

Ou tp ut 

DBUS£0:7] 

Input/Output 

IRQ 

Input 

~I 

Input 

r?s 

Input 

RDY 

Input 

PHIO 

Input 

S .0. 

Input 

R/W 

0 utp ut 

SYNC 

Output 

PHI 1 

Ou tp ut 




PHI 2 


Output 


Outputs 


Features 


TTL 

Comp atible. 

Bidirectional Bus 
with Tri-state Output. 

Level Sensitive. 

Edge 

S ens i t i v e. 

Level Sensitive. 

TTL 

Compatible. 

TTL 

Compatible. 

TTL 

Compatible. 

TTL 

Comp atitie. 

TTL 

Compatible. 

TTL 

Compatible. 


TTL CompatibIe 
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IADBUSCOS153 — The internal address bus consists of 
two 8-bit buses* IADBUSCOS73 and IADBUS[8s153» The bus is 
connected to the ADBUS through the address buffers so that 
interna I Iy' generated addresses can be sent to the ADBUS 0 
Furthermore* the bus is used to route data to the Increment/ 
Decrement Register ilNR) or the Incrementer/Decrementer 
(INC/DECK The data will be used in later operationso The 
outgoing data on the IADBUS will come from internal 
registers such as the Data Latch (DL) * the Temporary 
Register C TR)* XNR* PC* the ALU Register (ALUREG)* and the 
Stack Pointer (SP) to make up 16-bit addresses put onto the 
ADBUSo Only the IADBUSC8S153 can be connected to the 
ARGBUS* so the data on the I ADBUSC8s 1 53 can be an argument 
of the ALU for arithmetic operationso 

IDBUS[0s73 *— Unlike the IADBUS* the internal data 
bus is connected to almost all internal registerso The 
IDBUS is mainly used as a medium of transferring data 
between the registers.* The data on the IDBUS can be loaded 
onto the DBUS through the data bus buffer., The data coming 
from outside must be latched into the data latch firsto 

ARGBUSCOS73 — The 8-bit argument bus is prepared 
for routing the data from one of the sources* the Index X 
Register (X)* the Index Y Register (Y)* and the IADBUSC8S153 
to the ALUo The ARGBUS is one of the four arguments of the 


ALU 
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These buses are closely connected to the internal! 
registers and combinational logic units (CLU 8 s)* which will 
be.explained nexto A pictoria I representaion of the 
internal buses can be seen in Figure 2° 

Internal Registers 

The interna I registers as well as the internal buses 
are quite significant to the hardware organizationo Eleven 
registers have been utilized to carry out the internal 
operations of a I I instructions and input signalso 

As. already noticed* the pictorial view of 6502 
internal architecture is shown in Figure 2» . However* this 
figure is not completely the same as those available in 
manuals and books on the 6502® This is because those 
pictures do not reflect real design and some modifications 
had to be done for the 6502 AHPL description to be discussed 
in this paper.. Even among those pictures* there are still 
some differences.. A major difference between Figure 2 and 
the others is that the temporary register is depicted in 
Figure 2o Another is the explicitly indicated ARGBUSo 
Individual registers will be explained in brief as follows? 

DL —- The data latch is used to latch incoming data 
on the DBUS for data fetches.. The DL will also load the 
data onto either the IDBUS for transfers or the DBUS for 
write operations.. The data fetches will occur depending 
upon the instruction being performed by the processor« The 
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data stored in DL will be used either as half portions of 
addresses or in later operationso 

TR —- The temporary register is provided to save 
data that will be used as haif parts of addresses in later 
operations., 

IR — The data fetched from outside devices in the 
OP CODE fetch.cycle wiil be stored in the instruction 
registero The data wiil in turn be sent to the instruction 
decoder to generate appropriate contro! signalso 

P — The processor status register is provided to 
indicate the current status of the processor., The P 
register is further partitioned into the Carry (0* Zero 
(Z) * Interrupt Disable (I)* Decimal Mode (D)* Break Command 
(b)p Overflow <□)* and Negative (N) flags to be used by 
branch instructions* arithmetic and logic operations* etc., 
INR — The increment/decrement register stores data 
from either INC/DEC or lADBUSo Data stored in INR will 
usually be used for addressing., 

PC —* The program counter is made up of the program 
counter low and program counter higho Like INR* Data stored 
in PC will be used for addressing., 

AC -— The accumulator* as the name implies* 
accumulates most of the computed data from the ALUo The 
contents of the accumulator can also be an argument of the 
ALU for arithmetic and logic operations.. 
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ALUREG =*- The ALU register is a temporary storage 
for the data coming out of the ALUo The ALUREG will be 
refreshed every cyc!e 0 Therefore* ALUREG can not store data 
for more than one cycle» The contents of the register can 
be half parts of addresses put onto the IADBUSo 

SP —* The stack pointer is used to point to and save 
the location currently used in the stacko In order to set 
the stack pointer* the data on the IDBUS can be stored in 
SPo 

X — The index X register is prepared for the 
addressing modes associated with the X register,, This 
register can be used as a temporary storage from 
programmers 1 viewpointo The data in the X register can be 
loaded onto either the IDBUS or ARGBUSo 

Y — The index Y register is prepared for the 
addressing modes associated with the Y registero This 
register can be used as a temporary storage as wello The 
data in the Y register can be loaded onto either the IDBUS 
or ARGBUSo 

The buses and registers provided inside the 6502 
have been described* yet a description of the combinational 
logic units* the ALU and INC/DEC is not pr-esentedo The INC/ 
DEC will not need an explanation at ail because it is a mere 
incrementer/decrementer unit that will increment or 
decrement address data on the IADBUSo However* the ALU will 
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require a comprehensive specificationo In Chapter 3* the 
ALU will be discussed in conjunction with arithmetic and 
logic operations., 

Detailed information about the input and output 
connections of the registers and CLU's is provided in Table 
2o Table 2 will compensate for the limitation of the 
illustration of Figure 2» Thus* exact connections should be 
looked into in Table 2o In fact* Table 2 has been updated 
as the AHPL description for the 6502 has been modified.. 

In the next chapter* the implication of these connections 
will be clarified* and Figure 2 and Table 2 will often be 
referred to for further discussions 

Instruction Set 

The 6502 microprocessor has a powerful instruction 
set* which is very similar to the 6800 microprocessor's 
instruction seto Because of the completeness and 
similarity* the user can wr i te efficient programs and 
translate a program for the 6800 into a program for the 6502 
easily., The 6502 instruction set consists of 151 operation 
codes (OP C0DE°s)* and these'OP C0DE°s can be classified 
into two categories* instruction and addressing mode., 56 
kinds of instructions and 11 addressing modes are being 
usedo A brief description of the instructions and 
addressing modes will be given below for the discussion in 
Chapter 3 0 
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Register or CLU I Input/Output I Connections and Transfers 


Input Data Latch Input 

(DL ) - 

Output 


DL <* DBUS 


IDBUS = DL 
IADBUS[0:71 « CL 
I ADBUS [ 8 : lt> ] = DL 


Instruct!on 
Register (IR) 


Input 


Output 


Instruction Decoder * 


Teitipor ary 

Register (TR ) 


Register (P) 


Input 


Out put 



Output 


IADBUSI8:15I * TR 


P <= IDBUS 

P <* CLU Output of the 
ALU Output 

P <= Instruction Decoder 


PS * PI4],PC7] 
IDBUS « P 


Stack Pointer 
(SP ) 


Index Register X 
(X ) 


Input 


Out pu t 


Input 


Output 


IDBUS * SP 
IADBUS[8:15] * S 


IDBUS * X 
ARGBUS * X 



Index Register Y 
(Y ) 


Input 


Output 


Y <* IDBUS 


IDBUS * Y 
ARGBUS * Y 
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Table Z» — Continuec 


Register or CLU 


Inp ut/Output 


Connections and Transfers 


Arithmetic Logi c 
Unit (ALU) 

Input 

( Ar gm en t) 

ALU : IDBUS 

ALU : ARGBUS 

ALU : OP 

ALU s PS 


Output 

ALUREG O ALUE1:8 3 

P <* CLU Output of the 

ALU Output. 

Accumul a to r 
(AC ) 

I nput 

AC <= IDBUS 

Output 

IDBUS * AC 

ARGBUS * AC 

ALU Register 
(ALUREG) 

Input 

ALUREG <* ALUClse] 

Out put 

IDBUS * ALUREG 

1ADBUS[0:7] * ALUREG 
IADBUSC8:151 * ALUREG 

Pr ogr am Counter 
(PC ) 

Input 

PC <* INR 

Output 

IDBUS * PC E 0 : 73 

IDBUS = PC £ 8 s15 3 

IADBUS * PC 

Increment/ 
Decrement 
Register 
( INR ) 

Inp ut 

I NR £ 0:7 3 <« IADBUS£0:73 
INR£8:I53 <* IADBUS£8:153 
INRE8S153 O 

INCE8:15 3(IADBUS) 
INRE8S153 <« 

DEC £ 8:15 3(IADBUS) 

INR <« INC(IADBUS) 


Output 

PC <* INR 

IADBUS£0:73 « INR£0:73 

IADBUS E 8:153 ■ INRE8:153 
IDBUS * INR£0:73 
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TaDle 2. -- Continuea 


Register or CLU 

Input/Output 

Connections and Transfers] 


Incremented 

Deere men ter 
lINC/DEC ) 

Input 

( Ar gm en t) 

INC : IADBUS 

DEC : IADBUS 

Output 

INR t 8 :15 3 <* 

I NC t 8: 1 5 3 (IADBUS) 
INR[8:153 <* 

DECC8J153(IADBUS) 

INR <* INC(IADBUS) 
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Fundamental! Instructions 

For a more concise description* the 56 instructions 

o 

can be further divided into nine fundamental! instructionso 
They are arithmetic* logic* load* store* branch* jump* 
set/clear* transfer* and stack instructionso The 
instructions will be described in terms of the fundamental 
instructions° 

Arithmetic Instruction — The arithmetic instruction 
uses the ALU* so that the data stored in AC and DL will be 
either added or subtracted.. The capabilities of addition 
and subtraction are provided in the ALU for such 
instructions as ADC* CMP* CPX* CPY* DEC* DEX* DEY* INC* INX* 
INY* and SBC., Some flags of the P register will be 
refreshed as a result of an arithmetic operation.. 

Logic Instruction — The logic instruction also uses 
the ALU to perform a logic operation on the data in AC and 
DLo The functions of AND* OR* exclusive OR* shift* and 
rotation are furnished in the ALU as well., The logic 
instruction also affects the P register., The instructions 
classified into the logic instruction are AND* ASL* BIT* 

EOR* LSR* ORA* ROL* and RORo Note that the shift and 
rotation functions are c I assified into this instruction for 
the simple discussion in Chapter 3* although the functions 
are not logic functions., 

Load Instruction — The load instruction implies 
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that data trapped by DL will be stored In the X register* Y 
register* or accumulator,. In addition* the zero and 
negative flags of the P register may be changed depending on 
the contents of the data. The instructions placed under the 
load instruction are LDA* LDX* and LDYo 

Store Instruction —- The processor will execute the 
store instruction by loading data stored in the X register* 

Y register* or accumulator onto the DBUSo The STA* STX* and 
STY instructions are categorized into the store instruction,. 

Branch Instruction — The . processor will branch to 
the location where the next OP CODE fetch will be executed 
if a branch condition is satisfied,, The branch instruction 
makes use of the carry* zero* overflow* and negative flags 
for a branch condition,. The branch location is calculated 
in the ALU» The instructions classified under the branch 
instruction are BCC* BCS* BEQ* BMI* BNE* BPL* BVC* and BVSo 
Jump Instruction —- By the jump instruction* the 
processor will jump unconditionally to the location where 
the next OP CODE fetch will be done. Unlike the branch 
instruction* this instruction i ncIudes rather complicated 
operations for writing data in the stack and retrieving data 
from the stack» The instructions put under the jump 
instruction are BRK* JMP* JSR* RTI* and RTS. ' Only the JMP 
instruction does not require the use of the stack. 


Set/Clear Instruction 


The set/clear instruction 
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is furnished to modify the P register 0 By this i nstruction* 
the carry.? decimal mode? and interrupt disable flags can be 
set or cleared? while the overflow flag can only be clearedo 
The overflow flag will be set in case that an.overflow 
condition occurs as a result of an arithmetic operation.. 

The other flags are not accessible to the programmer.. The 
instruct i ons cl ass 5fied into the set/clear instruction are 
CLC? CLD? CLI? CLV? SEC? SED? and SEX# 

Transfer Instruction ■— The transfer instruction is 
provided to transfer data from one of the four registers? 
the X register? Y register? stack pointer? and accumulator 
into another register of these.. Only six combinations of 
source and destination registers are implemented# The 
instructions placed under the transfer instruction are TAX? 
TAY? TSX? TXA? TXS? and TYA# All the instruc15 ons ex cept 
TXS affect the zero and negative flags# 

Stack Instruction ~ The stack instruction uses the 
stack pointer in order to put data in the stack or retrieve 
data from the stack# This instruction is similar to the 
load and store instructions but uses the stack pointer 
instead of the program counter for addressing# However? the 
stack instruction utilizes PC once the currently used stack 
address has been set in PC o The. instructions classified 
under the stack instruction are PHA? PHP? PIA? and PLP# 

The reader should refer to reference 4 for further 



24 


information because the above description is not intended to 
present a compiete explanation of the instruction set« 
Although each fundamental instruction does not describe 
exactly the execution part of the internal operation for 
each instruction* it will help to understand details of the 
instruction seto A 6502 instruction set summary has been 
provided in Appendix A for readers' convenience and will 
itself explain the execution part of each instruction more 
accuratelyo Typical internal registers are iliustrated in 
Figure 3 to indicate the bit cofiguration adopted in the 
6502 AHPL descript i ono 

Addressing Modes 

As stated before* the 6502 was introduced after the 

/ 

68 QQ 0 As a'result of the late appearance* versatile 
address ing modes and efficient instruction cycles were 
implementedo Programs such as a program that manipulates 
tables and arrayscan be written very effectively by means of 
these addressing modeso Moreover* the microprocessor can 
execute instructions faster because of shorter execution 
timeo Since a full description of the addressing modes has 
been left to the next chapter* each addressing mode will be 
simply described in accordance with the purpose of this 
chapter « 

Immediate — The instructions with the immediate 
addressing mode contain two bytes (8 bits)* an OP CODE and a 
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Figure 3 
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constant value > The OP CODE specifies the internal 
operation and addressing mode* and the constant value is 
used in a program. This mode allows the programmer to 
specify values necessary for the program. The OP CODE and 
value are fetched from consecutive locations of program 
memory » 

Aosolute — The instructions using the absolute 
addressing mode use three bytes. The first byte contains an 
OP CODE for specifying the internal operation and addressing 
mode. The second byte includes the low order byte of an 
effective address* while the third byte includes the high 
order byte of the effective addresso Thus* a full 16—bit 
address can be specified by this mode. The effective 
address* a full 16-bit address* will be used to address a 
location at which data will be retrieved and stored. 

Zero Page — The instructions with the zero page 
aadress ing mode are made up of two byteso The first byte is 
an OP CODE as before* the second byte contains an effective 
address in page zero of memory. The microprocessor 
generates all 0 5 s used for the high order byte of a full 
16-bit address. This mode will allow the programmer to 
shorten both memory space ano execution time. Only 
locations in page zero can be used for read and write 
opeations. 

Accumulator — The instructions having the 
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accumulator addressing mode include only an OP CODE that 
indicates the internal operation and addressing modeo This 
mode can be considered to be the same as the implied mode 
described below because both the instructions contain only 
an OP CQDEo However; the accumulator addressing mode is 
categorized distinctly because only the accumulator of the 
registers accessible to the programmer is utilized for the 
internal operations of the instructions using this mode 0 

Implied — As mentioned above; the instructions with 
the implied addressing mode use oniy an OP CODE for 
specifying the internal operation and addressing mode 0 Some 
instructions using the mode require more than 2 cycleso 
Explanations of these instructions are beyond the scope of 
this chapter „ 

Indexed Indirect ~ The instructions using the 
indexed indirect addressing mode contain an OP CODE and a 
base address in page zero. Firsts the base address is added 
to the data stored in the X register., The resultant byte 
becomes another address in page zero that contains the low 
order byte of an effective address; while its consecutive 
address contains the high order byte of the effective 
address. The effective address will be used for read and 
write operations. 

Indirect Indexed -— The instructions with the 
indirect indexed addressing mode contain an OP CODE and an 
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indirect address in page zero. The indirect address 
contains a base address Jow* and the next consecutive 
address of the indirect address contains a base address 
higho While the base address high is being fetched* the 
base address low is added to the data stored in the Y 
registero The resultant byte becomes the low order byte of 
an effective addresso If a carry is generated from the 
addition* the carry* as binary one* is added to the base 
address high to increment the address by L The resultant 
byte becomes the high order byte of the effective addresso 
The base address high will be used as the high order byte if 
no carry. 

Zero Page Indexed — The instructions with the zero 
page indexed addressing mode include an OP CODE and a base 
address lowo While data is being fetched from the location 
specified by the base address low in page zero* the base 
address low is added to the data stored in either the X 
register or Y register in order to get an effective address 
in page zero. . The data fetched is not used in later 
operations.) No page crossing is allowed in this mode. 

Indirect -- The instructions with the indirect 
addressing mode contain three bytes like those with the 
absolute addressing mode.. The second byte contains the low 
order byte of an indirect address* while the third byte 
contains the high order byte of the indirect address. Once. 
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the indirect address has been set up; the low order byte and 
high order byte of an effective address are fetched from the 
locations specified by the indirect address and its 
consecutvie address* r espect i ve 5 y 0 The effective address 
will be used for the next QP CODE fetcho 

Absolute Indexed — The instructions using the 
absolute indexed addressing mode include three bytes* an 
OP CODE* a base address low* and a base address higho The 
facility to add the base address low to either the X 
register or Y register is provided to compose the low order 
byte of an effective addresso To carry out a page crossing* 
the technique to add a carry to the base address high is 
used o 

Relative — The instructions with the relative 
addressing mode consist of an OP CODE and an offseto An 
effective address is calculated by means of the address of 
the location where the next OP CODE fetch will be performed 
if a branch is not taken and the offseto The page crossing 
can occur in this modeo 

Further information regarding the addressing modes 
is extensively described in reference 4. 



CHAPTER 3 

INTERNAL OPERATIONS ANALYSIS 

In the preceding chapter* a brief description of the 
6502 microprocessor has been presentedo Whole the 
description will give the reader a basic knowledge of the 
6502* it will not be enough for the development of a 6502 
AHPL deseriptiono Sufficient information concerning the 
external behavior of the 6502 must be obtained so that the 
internal operations of the 6502 can be analyzed for the 
development The information can be found on references 3 
and 4o A summary of cycle by cycle operation of the 6502 
has been produced from the information available on the 
above references -and has been attached in Appendix Bo 
Appendix B will be helpful in analyzing the internal 
operations of all instructsons 0 

The purpose of this chapter is to analyze the 
internal operations of all instructions and inputs in order 
that a 6502 AHPL description can be efficiently and 
systematically developedo However* it will not be an easy 
task to analyze the internal operations of all instructions 
individually because the instruction set has as many as 151 
OP CQDE°So Since the internal operation of each instruction 

30 
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consists of an addressing part and an execution part* the 
internal operations of all instructions can be compactly 
analyzed in terms of the addressing parts and the execution 
parts of the internal operations,,. 

Hypotheses 

Before proceeding with the analysis of the internal 
operations* several hypotheses will be defined in order to 
make the 6502 AHPL description closer to the actual hardware 
organization of the 6502o These hypotheses must be taken 
into account an analyzing the internal operations* because 
the AHPL description will be based directly on the results 
of this analysiso The hypotheses will be defined as 
follows* 

The Connections to ALU *— The ARGBUS must always be 
connected to argument 1 of the ALU* while the IDBUS must be 
connected to argument 2o This is because of avoiding the 
necessity of additional internal buseso The other two 
arguments are connected to the P register and instruction 
decoder,, The connection between the ARGBUS and argument 2 
and the connection between the IDBUS and argument 1 are not 
permissible,, 

ALUREG — The ALUREG can not store data for more 
thanone cycle,. This means that ALUREG can not be used as a 
temporary register unless the data will be stored in ALUREG 
again during the next cycle,. Only the data from the ALU can 
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be stored in ALUREGo 

The Use of TR Owing to the hypothesis of the 
connections to the ALU* the use of the temporary register is 
assumed to save data used for addressing in later 
operationso - 

IADBUS[8 s15 3 to ALU — The data on the IADBUSC8s153 
is aiiowed to be transmitted to the ALU over the ARGBUS for 
an arithmetic operation., The connection between the 
IADBUSCOS73 and ARGBUS is not allowedo 

These hypotheses are also defined in Figure 2 and 
Table 2° Since the other connections and operational 
features not included in the hypotheses can be easily 
derived from the information available in references 3* 4* 
and 5* these connections and operational features were 
defined in advance without question.) By adding the 
hypotheses* the connections between the internal buses* 
internal registers* and CLU°s have been completeIy defined« 
Now* the internal operations can be analyzed by means of the 
completely defined internal architecture 0 

General Sequence 

As all instructions have common operation cycles 
such as the OP CODE fetch cycle and the following data fetch 
cycle* it is possible to build a general sequence of the 
internal operations of aH -5nstructions<> An internal 
operation sequence of each internal operation can be written 
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by using the general sequence as a basic form 0 The general 
sequence is given in Figure 4o To prepare for the iater 
discussion on the addressing parts and execution parts* each 
cycie of the general sequence will be explained as follows? 

TO — The TO cycle is the OP CODE fetch cycle and is 
common to the internal.operations of all instructionso To 
fetch an OP CODE from program memory* the following 
operations must occurs First* the processor puts a 16-bit 
address on the IADBUS* and places logic 1 on the SYNC and 
R/W output Sines to indicate the execution of the OP CODE 
fetch cycle and a read operation 0 Then* the OP CODE on the 
DBUS is trapped into IRo During the cycle* the address on 
the IADBUS is transferred into INCo The address incremented 
in INC is stored in XNR for later operationso Internal 
registers that are to provide an address on the IADBUS will 
be determined by the preceding instruct iono The PC is 
selected in the TO cycle without any meaningso 

The above opeations are concisely described in AHPL 
in Figure 4o In internal operation sequences* owing to the 
naming convention of the HPSIM2 simulator C6I* closely 
related symbol names are adopted for the actual input and. 
output 0 For instance* the R/W outputs is named RW here» 

In addition* the IADBUS is implicitly connected to the 
ADBUSo The above consideration is because the internal 
operation sequences derived from the general sequence can be 
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directly utilized for the development of the 6502 AHPL 
description 0 

T1 — The T1 cycle is the data fetch cycle following 
the OP CODE fetch and is also common to the internal 
operations of all i nstructionso First* the address stored 
in INR is placed on the IADBUS for addressingo At the same 
timep the processor puts logic 0 on the SYNC lone and logic 
1 on the R/W line to indicate the execution of a non-OP CODE 
fetch cycle and a read operationo Next* as in the TO cycle* 
the address on the IADBUS is incremented in INC and then 
stored in INR 0 Before deleted by the new address from INC* 
the address previously stored in INR must be transferred 
into PC to be used in later operationso 

Tn-1* Tn* and Tn-s-1 — These cycles start at the T2 
cycle and end immediately before the T0C0VLP3 cycle 0 The 
number of the cycles varies depending upon each instructions 
For example* the 5nstructions■us 5ng the immediate addressing 
mode do not need such cyclesp while the instructions 
emp I oy i ng’ the indirect indexed addressing mode require at 
least three cycleso These cycles are provided to specify 
operations for an addressing part and execution parto Some 
instructions such as the JMP instruction and branch 
instructions do not require any operations for the 
execution parts of their internal operationso 

The T0E0VIP3 cycle is the DP CODE 


T0C0VIP3 
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fetch cycle of the ne x t i n st iruc t i on a nd 5s exactly the same 
as the TO cycleo Howeverp to distinguish the OP CODE fetch 
cycle of the next Instruction from the OP CODE fetch eycOe 
of the current instruction^ the space for specifying 
operations for the addressing part and execution part 
defined by the current instruction has been provided in the 
TOEQVLP3 cycko With respect to the addressing part in the 
TOEOVIP3 eyciep registers to supply a 16-bit full! address to 
the XADBUS are determined by the current onstructiono Some 
operations for the execution part can overlap the T0E0VIP3 
Cycle if necessaryo Howeverp the conflict on the internal 
busesp internal registersp and CL.lMs must be avoidedo The 
XOBUS is usually available for the execution part during 
this cycl So 

T1C0VLP3 ~ The T1E0VLP3 cycle has the same 
operations as the T1 cycle has o The T1C0VLP3 cycle can also 
be overlapped by the execution part of the preceding 
instructionp as in the T0C0VLP3 cycle« 

Since it is assumea that the OP CODE fetched during 
the TO cycle is the first instruction and no instruction 
precedes that instructionp the TO and T1 cycles could not be 
overlapped by an execution parto This is the reason that 
only the T0C0VLP3 and T1C0VLP3 cycles can accommodate 
operations for an execution parto The TOCOVLP3 cycle can 
specify registers used for addressing as wello The 
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assumption mentioned above is also applied to the summary of 
cycle by cycle operation of all instructions in Appendix B 
and the internal operation sequences of typical instructions 
in Appendix C 6 

Addressing Parts 

Because there are still more than 35 different 
addressing parts of the internal operations of all 
instructions; the addressing parts will be discussed in 
terms of the addressing techniques used in the 6502 for a 
more concise descriptiono The addressing techniques in 
accordance with the addressing modes mentioned in Chapter 2 
will cover the most of the addressing parts sufficiently; 
and are intended to analyze only the operations used for the 
addressing partSo In advance of analysis of any 
instruction; the summary of cycle by cycle operation of the 
instructions provided in Appendix B should be studied to be 
able to do cycle by cycle analysiso 

The addressing part in the TO; Tl; and T1C0VLP3 
cycles is common to all instructions» Since the discussion 
on the operations in these cycles has already been 
presented; only the operations in the T2 cycle through the 
T0C0VLP3 cycle will be discussed as followso 

Immediate 

Immediate addressing does not require any additional 
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cycleso Thus* tne processor takes 2 cycles to perform 
immediate addressingo Since the instructions using the 
immediate addressing mode consist of two bytes* an OP CODE 
and a constant value* INR must be used as an addressing 
register that provides a 16^bit address on the IADBUSo The 
INR has the incremented address pointing.to the location, 
storing the OP. CODE fold owing the constant vaiueo The 
reader should refer to the generai sequence in Figure 4 for 
immediate addressing and ignore the Tn-1* Tn* and Tn=l 
cycleso Note that INR will be selected among the addressing 
registers during the T0E0VLP3 cycleo 

Absolute 

Absolute addressing requests at II east one additional 
cycleo The instructions utilizing the absolute addressing 
mode have an OP CODE* the low order byte of ah effective 
address* and the high order byte of the effective addresso 
During the T1 cycle* the low order byte is fetched and 

T2s IADBUS - INR* Dl <» DBUS* SYNC ■ \0\| RW ■ \l\* 

INR <s INC CIADBUS l I I DBUS ■ Dl* T-R.<« IDBUSo 

TBo IADBUS * Dl*TR* Dl <» DBUSj SYNC ? \0\S 

RW s \i\| PC <* INRo 

T0-E0VLPJ8 IADBUS » PC* IR <* DBUSl SYNC * \1\| RW ■ \1\| 
INR <s INC(IADBUS 5 o 

stored.in DL o The high order byte is fetched from the 
consecutive location during the T2 cycleo The INR is used 
to address the consecutive location because INR has the 
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address incremented in the T1 cycleo 

Before modified by the high order bytep the Bow 
order byte must be transferred from DL into TR over the 
IDBUS during the 12 cycleo Then*) the low order byte In TR 
and high order byte In DL are catenated to make up a 16-bit 
effective address In the T3 cycleo The data to be treated 
.in later operations will be fetched from the location 
specified by this addresso Since the address for the next 
OP CODE fetch has been produced and stored in PC in the T2 
and T3 eyeless PC is used as an addressing register during 
the T0C0VLP3 cycleo 

The above operations are all common to the 
addressing parts of the internal operations of the 
Instructions using the absolute addressing mode except the 
JSR and JMP i nstructionso The JMP Instruction uses DL and 
TR as addressing registers during the T0C0VLP3o The reader 
can ignore the R/W and SYNC outputs unless otherwise 
indicated., The del 5berate use of PC as addressing register 
is arranged for the effective synthesis of the internal 
operations in relation to absolute indexed addressing 
discussed later 0 

The addressing of the JSR Instruction requires 4 
extra cycles* that is the T2 cycle through the T5 cycle 0 
Because of the operation to store a returning address in the 
stack* A JSR addressing sequence will differ remarkably from 
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the typical absolute addressing sequencer 

Before the f 2 cycle* Dl stores the low order byte of 
an effective address* and INR keeps the next consecutive 
address* as In the general sequenceo Then* during the T2 
cycle* the low order byte is transferred into TR* and the 
address is moved Into PCo The DL and INR will become free 


T2s 

IADBUS * \0*0*0*0*0*0*0*1\*SP* DL < s 
SYNC = \0\J RW ■ \1\| INR <= IADBUS! 
TR <■ IDBUS! PC <= INRo 

DBUS! 

IDBUS = DL! 

OJ 

oo 

IADBUS * INR! SYNC * \0\! RW ■ \0\ ! 
INRC8*15 3 < s DECC8si53CIADBUS) o 


oo 

N$" 

K 

IADBUS = INR! SYNC = A0\! RW = .\0\! 
INR C 8s15 3 <= DECC8s153(IADBUS)o 


T 5 5 

IADBUS = PC! DL <= DBUS! SYNC = \0\! 

RW s \1\ 0 

T0CQVLP3 * 

IADBUS ■ DL* TR! IR <= DBUS! SYNC = \1\! 

RW * \1\J INR <= INC(IADBUS)□ 


for later operationso In the same cycle* the address to 
point to the currently used memory space in the stack is 
made up of an ■8-bit.!’bi nary one for page one and the contents 
of SPo Since the IDBUS is being used to transfer the low 
order byte onto TR* a write operation is.not allowed during 
the T2 cycleo A read operation is performed instead and the 
data fetched is merely discardedo The stack address Is 
stored in INR at the end of the T2 cycles 

During the T3 and T4 cycles* the stack address in 
INR is decremented twice* but only the low order byte is 
stored in INRC8sl53o The address in PC is written on the 
next Sower consecutive locations 1 2 bytes!, in the stack for 
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a returning addresso In addition* the address in PC is used 
to fetch the high order byte of the effective address during 
the T5 eyeieo The location that contains the neut OP CODE 
is addressed by Dl and TR that store the high order byte and 
low order byte* respectively© 

Zero Page 

Zero page addressing requires at least the TZ cycle© 

The instructions using the zero page addressing mode consist 

of an OP CODE and an effective address in page zero* which 

are fetched in the TO and T1 cycles©.' Now* by using the 

effective address in DL* the processor can address a 

location in page zero where either a read operation or write 

T2s IADBUS = \0*0*0*0*0*0*0*0\*DL| SYNC = \0\J 

RW * \0\| PC <= INR© 

TOCOVLPls IADBUS = PCI IR <= DBUSl SYNC * MM RW ^ \1\| 
INR. INC (IADBUS) © 

operation will take place© All 0°s for the high order byte 
of a full 16-bit address is generated in the T2 cycle© All 
instructions with the zero page addressing -mode use PC as an 
addressing register© 

Accumulator 

Accumulator addressing does not use any additional 
cycles like immediate addressing© However* accumulator 
addressing selects PC as an addressing register in place of 
INR because the 5nstructions with the accumulator addressing 
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mode have only an QP CODEo The general sequence should be 
referred to for this addressing 0 

Implied 

As far as the PHA* PHP* PLA* PLP* RTI* RTS* and BRK 
,5 nstruct i ons are not concerned;) the implied addressing is 
completely the same as accumulator addresingo No 
explanation will be necessaryo The RTI 5nstruction w5II be 
explained on behalf of the above instructions as follows? 

As in the case of the JSR instructions the RTI 
addressing employs the stack pointero An 8-bit binary one 
for page one is first generated by the processor and then 

T 2 s IADBUS * \0*0*Os Os Os Os Os1\*SPJ DL <= DBUSj 

SYNC = \0\j RW = \1\| INRC0S7] <* IADBUSC0s73j 
INRE88153 <= INCC8sl53(IADBUS)o 

T 3 s IADBUS - INRJ DL <= DBUSj SYNC «'\0\S RW - \1\J 

INRC8S153 <= INCC88l53(IADBUS)o 

T4 8 IADBUS ® INRj DL <= DBUS 3 SYNC -.NOXj'RW = \ 1\3 

INRC8S153 ■<» INC[881531IADBUS)o 

T58 IADBUS = I NR| DL <= DBUSj SYNC »'\0\j RW = \l\j 

IDBUS «. DL j TR <» IDBU.So 

TOCOVLP3 8 IADBUS ■ DLsTRj IR <■ DBUSj SYNC = \1\| 

RW = \l\j INR <* INC(IADBUS)o 

catenated with the 8-bit address stored in SP to (Form a 

stack address during the T2 cycleo Since the memory space 

addressed by the stack address does not contain useful data? 

the data to be stored, in DL is not any longer usedo The . 

stack address on the IADBUS is. incremented* but only the low 

order byte is stored in INRI8sl53o The high order byte is 
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directly transferred onto XNR£OS73o This is for avoiding a 
page crossing 0 The previous contents of the P register are 
restored from the incremented stack address in the T3 cyete 0 

In the T3 and T4 cyelesp the stack address is 
incremented twice to get back a 16~bit returning addresso 
The iow order byte of the returning address os first fetched 
and stored in .01 during the T4 cycieo During the T5 cyelep 
whiie the high order byte is being fetchedp the iow order 
byte is moved into TRo .Fonaliyp an effective address from 
DL and TRp which is aiso a returning address is put on the 
IADBUS to perform the next OP CODE fetcho The above 
sequence does not inciude any operations for the execution 
part described aboveo A complete internal operation 
sequence of RTI is attached in Appendix Co 

Indexed Indirect 

Indexed indirect addressing requires the T2- cycle 
through the T5 cycieo ; Firstp placing a base address iow 
stored in DL and eight 0°s for page zero on the XADBUSp the 
processor fetches data during the T2 cycieo In. the same 
cyclep'the incremented address'in INR is transferred into PC 
to be saved until it is neededo Thenp IHRCOs?] stores only 
the high order byte on the IADBUS that -indi cates page zeroo 
The low order byte on the IADBUS from DL is placed on the 
ARGBUS for an arithmetic operationo Since the address on 
the IADBUS is not addressing an expected memory space in 
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page zero? the data fetched is simply discardedo 

To get the expected address; the 8-bit data on the 
ARGBUS and the contents of the X register must be added in 
the ALUo Four arguments are required in the ALUo Argument 

T2s IADBUS * \0*0*0*0*0*0*0*0\*DL! DL <« DBUS! 

SYNC = \0\J RW = \l\> INR CO o 73 <- IADBUSCOS73! 
OP = \0* Op 0* 0\ .5 ARGBUS - IADBUS C8 s 153 I 
IDBUS « X| PS = P C4 3 * P C7 3! PC <* XNR| 

ALUREG <= ALUC1s 83(OP ! ARGBUS! IDBUS! PS)„ 

T3s IADBUS = INREGS73*ALUREG! DL <= DBUS! 

SYNC = A0\i R W * VIV! 

INRC8S153 < s INC C 8 s1 53(IADBUS)o 

T4s IADBUS = INRI DL <= DBUS! SYNC = \0\! RW « \1\! 

IDBUS = DL! TR <= IDBUSo 

T5S IADBUS = DL*TR! DL <= DBUS! SYNC = \0\i 

RW ■ \l\'o 

T0C0VLP3S IADBUS = PC! IR <= DBUS! SYNC = \l\i RW * U\! 
INR <= INC(IADBUS ) 0 

1 has already been placedo The X register must be 
connected to the IDBUS-for argument 2° The rest are an 
operation code from the instruction decoder and two flags 
from the P register*, A 4-bit hexadecimal zero as an 
operation code is used for address calculationo The two 
f1ags do not have an effect on the arithmetic operation in 
this case* so they are simply connected to the PS argument 
without any meaningso By the end of the T2 cycle* the 
resultant 8-bit data from the ALU is transferred into 
ALUREGo 

During the T3 cycle* INRCO§73 and ALUREG put out a 
16-bit address in page zeroo The low order byte of an 
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effective address is fetched from the addressed location and 
then stored in DLo The address on the IADBUS is incremented 
in INC* but.only the low order byte is transferred into 
INRC8si53o The above operation is devised to avoid not only 
a page crossing but also the necessity Of an 8-bit 
incrementer/decrementerunit in the AHPl description 
developed in the next' chaptero The high order byte of the eff 
active address is fetched from the consecutive (location 
addressed by INR in the T4 cycieo The flow order byte must 
be transferred into TR before deietedo Finally* DL and TR 
place the effective address on the IADBUS during the T5 
cycieo The address of the location where the next OP CODE 
fetch will be performed comes from PC keeping the address 
since the T2 cycieo 

Indirect Indexed 

Indirect indexed addressing uses the Y register as 
an argument of the ALU for address calcuI atioho The 
catenation ofeight 0°s and an indirect address low in DL 
produces a 16=bit indirect address in page zero to be used 
to fetch a base address low during the T2 cycieo The 
address of the location where the next OP CODE will be 
fetched is saved in PC before INR is used by another 
operatriono The indirect address high is directly 
transferred into INRCCM7]* while the indirect address low os 
passed through INC and then stored in INRC8si5]o 
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While a base address -h igh is being fetched from the 
location specified by the incremented indirect address 
stored in XNRp the base address low in DL must be added to 

T2 o XADBUS = \OpOpOpOpOpOpOpO\pDL; DL <■ DBUS; 

SYNC « VOX 5 RW ■ \1\; ZNRCOS73 <b XADBUS'CO «7 3; 

XNRC8U53 <« XNCC8S153 (IADBUS ); PC <~ XNRo 

T3s XADBUS = 2NR; DL <= DBUS; SYNC «* \o\; RW ■ \ 1 \; 

OP B \0p Op Op 0\ ; ARGBUS ■ Yf 1DBUS ® DL 3 

PS. * PC43pPC73p 

CpALUREG <«iALU(OP} ARGBUS; XD.BUS; PS)» 

T4S XADBUS = DLp ALUREGI DL <= DBUS; SYNC ■ VOX; 

RW s \l\| XNRE8S153 <■ XADBUSC8*1531 

OP s \OpOpOpOVp ARGBUS = \QpOpOpOpOpOpOpXX; 

. XDBUS ■ DLp PS •* PU3pPE73; 

ALUREG <= ALUC1s 83 ? OP I ARGBUS; XDBUS; PSK 

75% XADBUS s ALUREGp XNRC8 2X53; DL DBUS; 

SYNC B \0\ P RW -o \l\o 

TOCOVLP3S XADBUS ■ PC; XR <• DBUS; SYNC « \1\; RW b \1\; 

XNR X NC(XADBUS)o 

the data stored in the Y registers For the addition? the 
base address low is sent to the ALU over the XDBUS? and the 
contents of the Y register are placed on the ARGBUSo The 
operation code and the flags must be attached to the ALU as 
w e 1 1 o 

The most significant bit of the outeoming 9-bit data 
from the ALU is ‘Stored in a flip-flop called Co The other 8 
bits are put in ALUREGo If the C flop-flop is clearedp data 

will be fetched from the location specified by the effective 

address from DL and ALUREG in the T4 cycle as the last 

cycleo If notp the processor must execute one more 

arithmetic operation in the T4 cycle as follows? 
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First* the low order byte on the IADBUS from ALUREG 
must be transferred into INRC8s15] for. the next cycleo The 
data fetched in this cycle is discarded because of an 
incorrect addresso Then* for another ar5thmetic operation* 
the base address high currentiy stored in DL is put on the 
IDBUS and an 8-bit binary one is placed on the ARGBUSo By 
these operations* the base address high can be incremented 
by 1 in order to refiect a page crossing.. In the next 
cycie* ALUREG and X N R C 8 s 1-5 3 produce a correct address to 
specify a location where read and write operations can be 
done 0 The PC as an addressing register places the address 
for the next OP CODE fetch on the IADBUS during the T-0C0VLP3 
cycle 0 


Zero Page Indexed 

Zero page indexed addressing employs the ALU for 


effective address calculation.) The above is the only 


difference from zero page addressing.) During the T2 cycle* 


T2s IADBUS = \0*0*0#0*0*0*0*0\*DlJ DL DBUSj 

SYNC = \0\* RW = \1\| 'INRC0873 <= IADBUS CO s 7 3* 

OP «■ \0*0*0*0\| ARGBUS = IADBUS C8 s 15 3 J 
IDBUS = X| PS = PC43 * P[7 3J PC < = INR| 

ALUREG <= ALU C 1 < 63 ( 0P| .ARGBUS? IDBUS* PS)o 

T3s IADBUS = INREGS73*ALUREG? DL <= DBUSJ 

SYNC = \0\| RW = \1\? INR <= XADBUSo 

T4S IADBUS = INR? SYNC = \0\? RW ® \0\» 


T 5 s IADBUS = INR* SYNC *'\0\? RW - \0\» 

TOC 0VLP3 s IADBUS = PC? IR <= DBUSl SYNC = \X\* RW s \1\| 
INR <= INC(IADBUS)b 
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the processor places an 8-bit binary zero and the base 
address low kept in DL on the IADBUS to fetch data<> 

However; the data latched onto DL is completely void because 
the address is pohiting to a false locationo The primary 
aim of this cycle is to execute the effective address 
calculation in the ALUo Thus; the low order byte on the 
IADBUS from DL is connected to argument I through the 
ARGBUS; and the contents of either the X register or Y 
register are sent to argument 2 over the IDBUSo 

The resultant 8-bit data from the ALU is stored in 
ALUREGo In the same cycle; only the IADBUSE0873 indicating 
page zero is transferred into INRCOs73o The address for the 
next OP CODE fetch in INR is saved in PC until I it is 
necessary 0 In the next cycle; INRC0S73 and ALUREG form an 
effective addresso The above sequence includes two 
additional cycles for the instructions that perform a logic 
operationo The effective address during the T4 and T5 
cycles is provided by INR in which the effective address on 
the IADBUS was stored during the T3 cycle 0 No page crossing 
is allowed; as in zero page addressingo 

Indirect 

Only a certain OP CODE can force the processor to 
perform indirect addressingo The instruction using the 
indirect addressing mode contains an OP CODE; an indirect 
address low; and an indirect address higho First; the 
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indirect address low in DL 5s transferred into TR over the 
IDBUS in the T2 cycle 0 During the same cyclep the indirect 
address high is fetched frdm the consecutive location 
addressed by INR and then stored in Dio 

Now? Dl and TR can produce a 16-bit indirect address 
addressing the location from which the low order byte off an 
effective address will be fetched during the T3 cycle'o The 
indirect address on the IADBUS is incremented in INC and 
then transferred into INRo In the T4 cycle? the high order 


T2s 

IADBUS - I NR 1 Dl < = DBUSj SYNC = 
IDBUS = Dll TR <* IDBUSo 

\0\| RW ^ \1\| 

T3s 

IADBUS • Dl?TR! Dl <- DBUSl SYNC 
RW - \1.\J INR <* INCJ1ADBUSK 

s \0\| 

T4s 

IADBUS » INR| Dl <= DBUSl SYNC » 
IDBUS - Dll TR <- IDBUSo 

\0\| RW • \1\| 

TOlQVIPIs 

IADBUS ■ DlpTRl IR DBUSl SYNC 

RW s \i\j INR <3 INC(IADBUS)o 

= \1\ | 


byte is latched into Dl by placing the address in INR on the 
XADBUSo Before deleted by the high order byte* the low 
order byte must be transferred into TR 0 The Dl and TR Mill 
produce the effective address used for the next OP CODE 
fetcho Notice that the consecutive address in INR was not 
saved in PC during the T3 cycle because only the JMP 
instruction can use the indirect addressing modeo 

AbsoIute Indexed 

Unlike absolute addressing? absolute indexed 
addressing makes use of the AlU for effective address 
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calculation.) In the 12 cycle* INR provides the consecutive 
address on the IADBUS to address the location where a base 
address hjgh win be fetched.) For an arithmetic operation;) 
the base address How already stored in Dl is piaced on the 
IDBUS* and either thi X register or Y register is connected 
to argument 1 through the ARGBUSo Operation code C and the 
flags are connected to the ALU as weilo The most 
significant bit of the resultant 9-bi't from the ALU is 
stored in the C flip-flop* which will, indicate whether or 
not a page crossing is to take pl.aceo The other 8 bits are 
loaded into ALUREGo ! 

l • ■ 

If a page crossing need not occur* the T3 cycle 
produces an effective address by using DL and ALUREG as 

T2? . IADBUS = INR! DL <= DBUS! SYNC * \0\J RW = U\| 

INR <= INC(IADBUS)! OP = \0*0*0*0\* 

. ARGBUS = XI IDBUS = DL! PS = P£43*PE73* 

C* ALUREG <= ALU10PI ARGBUS! -IDBUS* PS)o 

1 , f 

T3 s IADBUS = DL* ALUREG* DL <* DBUS! SYNC = \0\J 

RW = \1\! INRE8S153 <= IADBUS£8s153j 
OP * \0* 0* 0* 0\ ! ARGBUS = (\0*0*0*0*0*0*0*0\ « 
\0*0*0*Q*0*0*0*1\) '* « A C* C)! IDBUS = DL| 

PS = PE43* PE73 ! PC < = INR| 

ALUREG <= ALU£1283<0P! ARGBUS! IDBUS! PS )» 

T4s IADBUS = ALUREG*INRE8§153! SYNC = \0\! RW = \0\. 

T0E0VLP3S IADBUS = PC! IR <= DBUS! SYNC * Al\! RW * M\! 
INR <= INC(IADBUS)o 

addressing registers.) If a page crossing must occur* during 
the T3 cycle* an arithmet5c operatfion must be performed 
again to increment the high order byte indicating a page 
numbero The low order byte is saved in INRE8S153 for the 
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next cycle 0 The consecutive address in INR used for the 
next OP CODE fetch is also saved in PCo In the same cycle* 
all arguments of the ALU are set to increment the page 
numbero As soon as the processor finishes the arithmetic 
operation* The resultant 8-bit data from the ALU* which is 
the incremented page number* is stored in ALUREGo In the T4 
cycle* ALUREG and INRC88153 are used to provide an effective 
a d d r e s s o 


Relative 

The instructions with the .relative addressing mode 

| 

consist of an OP CODE and an offseto Thus* relative 

addressing is exactly the same as immediate addressing as 

long as a branch is not taken<> The general sequence in 

Figure 4 should be referred to in this case 0 A branch 

condition is checked in the T1 cycleo If the branch 

T2S IADBUS * INR; DL <■ DBUS* SYNC ■ \0\| RW * \1\|- 

N <= DL C 03 * OP = \0*0*0*0\; 

ARGBUS = I AB B US C 8 s 15 3 * IDBUS - DL * 

PS = P£43*PC73* 

C*ALUREG <= ALU(OP * ARGBUSI IDBUS* PS) I 
COUT s ALU CO 3(OP I ARGBUS* IDBUS* PS)o 

T3s IADBUS * INRC0S73* ALU-REG? DL <- DBUSl 

SYNC ■ \0\* RW * \l\s I NR C 8 § 15 3 <= IADBUS C 8 s153 * 
OP s \Q* 0* 0* 0V * ARGBUS = (\0*0*0*0*0*0*0*1\ J 
\1*1*1*1*1*1*1*1\) * «^N £ C* N £ A C)| 

IDBUS * INRCO 27 3* PS = P C4 3 * P C7 3* 

ALUREG <= ALUCis 83(OP* ARGBUS! IDBUS* PS ) o 

TOCOVLP38 IADBUS = ALUREG*I NRC8 s153 I IR <= DBUS* 

SYNC = \1\! RW = \1A* INR <= INC (IADBUS) 0 

condition is satisfied* first the consecutive address in INR 
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as placed on the XADBUS for a data fetch during the T2 
cycle» The data fetched is useless because the address on 
the XADBUS is a false branch address; For branch address 
calculation* the low order byte of the address on the XADBUS 
should be connected to argument 1; and the offset presently 
in DL should be connected to argument 2 in the T2 cycle 0 

The offset must be a value in the range from -128 to 
-5-127; ana negative numbers must be expressed in the form of 
fcwo°s complement; The most significant bit of the offset in 
DL is saved in a flip-flop named N to prepare for the next 
cycle aimed at a page crossing 0 The N flip-flop will be 
used to indicate whether the offset is a positive number 
or negative number during the T3 cycle; By the end of the 
T2 cycle; the most signifiaeant bit of the resultant 9-bit 
data from the ALU is stored in the C flip-flop; and the 
other 8 bits are stored on ALUREG as before; 

To predict'if the page should be crossed or not; 
during the T2 cycle; the most significant bit of the data 
from the ALU must be directly connected to a communication 
terminal called GOUT; The reason of the above operation is 
that the C flip-flop can not output its true value during 

i ‘ 

the T2 cycle 0 The most significant bit of the offset on DL 
(DLC03J 5s a I so devised for the same reason; 

If both the GOUT and DLC03 are set or cleared; no 
page crossing occurs; Thus; the next cycle becomes the next 
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OP CODE fetch cycle for which the branch address 5s prepared 
by XNRCOS73 containing the original page number and ALUREG 
including the 8ow order byte of the branch addresso If the 
above condition is not satisfied* another, arithmetic 
operation must be performed in the T3 cycle., First* the flow 
order byte on the XADBUS is transferred into XNR[8sl§3o The 
XNRE0S73 is connected to argument 2 through the XDBUSo 
According as what values the C and N filip-fflops are storing* 
either an 8-bit binary X or 8-bit binary 255 impflying -1 in 
two 8 s complement form is connected, to argument 1 through the 
ARGBUSo The-resultant 8-bit data from the ALU is 
transferred into ALUREGo Now* ALUREG and XNRC8SX53 produce 
the correct branch atieress pointing to the location from 
which the next OP CODE will be fetched., 

By now* each addressing technique has been discussed 
by using a typical addressing sequence of each addressing 
technique., However* the typ i c a I . sequence of a addressing 
technique is not necessarily applicable to the addressing 
parts of all instructions using the same addressing 
technique., Some instructions may require more cycles to 
accomplish their particular addressing* as in the JSR and 
RTI addressing., In fact* an addressing sequence of an 
instruction can be easily dferived by means of the 
corresponding typical sequence. The addressing registers 
that provide a 16-bit address on the XADBUS for the next 
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OP CODE fetch cycle is summarized in Tabie 3o It will help 
to construct an internal oper.a±-ihon ^s^quence for each 
i n s t r u c t i o n o. 


Execution Parts 

Most of the instructions force the processor to 
execute not only the operations for an addressing part but 
also the operations for an execution parto Only the JMP and 
branch instructions do not have an execution parto Since 
the 6502 specifies 56 kinds of instructions* it will be a 
nuisance to describe the execution parts of all these 
5 n'str Uc t i ons o Furthermore* the cycles in which the 
execution part of an instruction is performed are not fixed* 
and are changed depending on the addressing mode the 
instruction is usingo For the above reasons* the execution 
parts will be discussed in accordance with the fundamental 
instructions explained in Chapter 2o 

Arithmetic 

The execution parts that require an arithmetic 
operation must employ the AlUo AN capabilities necesary 
for carrying out the execution parts associated with an 
arithmetic operation have been provided in the AlUo 
Therefore* only connections to the four arguments of the ALU 
must be properly assignedo The specification of the 
arithmetic-1ogic unit employed in a 6502 AHPL description 
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Table 3. Summary of the Addressing Registers 


Instructions 

Addressing Mode 

Cycle 

Registers used 



# 

for addressing 


ADC AND CMP CPX 
CPY EOR LDA LDX 
IDY ORA SBC 

Immediate 

2 

INR 

JMP 

Absolute 

3 

DL, TR 

ADC AND BIT CMP 
CPX CPY EOR LDA 
LDX LDY ORA SBC 

A bs o 1 u t e 


n ■ 

STA STX STY 

Adso 1ut e 

n 

PC 

ASL DEC INC LSR 
ROL ROR 

Absolute 

6 

PC 

J SR 


6 

DL, TR 

ADC AND BIT CMP 
CPX CPY EOR LDA 
LDX LDY ORA SBC 

n ■ 

3 

mm 

STA STX STY 

magssmm 

3 

PC 

ASl DEC INC LSR 
ROL ROR 

Zero Page 

5 

IBM 

ASL LSR ROL ROR 

Accumu1 at or 

2 

PC 

CLC CLD CLI CL V 
DEX DEY INX INY 
NOP SEC SED SEI 
TAX TAY TSX TXA 
TXS TYA 

Impiled 

2 

■ 

PHA P HP 

Implied 

3 

PC 

PLA PLP 

Imp lied 

a 

PC 

RTI 

Implied 

6 

DL, TR 
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Table 3. — Continuea 


I ns tr uctions 

A dar essing Mode 

Cycle 

Registers used 



# 

for addr essing 


RTS 

Imp 1 ied 

6 

INR 

BRK 

Imp 1ied 

7 

DL,TR 

ADC AND CMP EOR 
LDA ORA SBC 

Indexed Ind i rect 

6 

PC 

STA 

Ind exed Indirect 

6 

PC 

ADC AND CMP tOR 
LDA ORA SBC 

Indirect Indexed 

5 

PC 

ADC AND CMP EOR 
LDA ORA SBC 

Ind i rect Indexed 

11 


STA 

Indirect Indexed 

6 

PC 

ADC AND CMP EOR 
LDA LDY ORA SBC 

Zer o Page Inoexed#X 

H 

wtm 

STA STY 

Zero Page Inde xe d> X 

4 

PC 

ASL DEC INC LSR 
ROL ROR 

Zero Page IndexedjX 

6 


LDX 

Zero Page Inoex ed;Y 

mm 

PC 

STX 

Zer o Page Indexed»Y 

4 

PC 

JMP 

Indirect 

5 

DL, TR 

ADC AND CMP EOR 
LDA LDY ORA SBC 

Absolute Indexed>X 


;'5l ■ ■ 

ADC AND CMP EOR 
LDA LDY ORA SBC 

Absolute Indexed>X 

5* 

PC 

STA 

Absolute Indexed* X 

5 

PC 
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Table 3. -- Continued 


Instructions 

Addressing Mode 

Cycle 

Registers used 



# 

fo r addressing 


A S L DEC INC LSR 
ROL ROR 

Absolute Indexed/X 

Q 


ADC AND CMP EOR 
LDA LDX DRA SBC 

Absolute Inde xed>Y 

A 

PC 

ADC AND CMP EOR 
LDA LDX ORA SBC 

Absolute Incexed*Y 

5* 

PC 

STA 

Absolute Incexea*Y 

5 

PC 

BCC BCS BEQ BMI 
BNE B PL BVC BVS 

Re 1 ativ e 

22 

INR 

BCC BCS BEQ BMI 
BNE B PL BVC BVS 

R e 1 at i v e 

3$ 

INR[057I,ALUREG 

BCC BCS BEQ BMI 
BNE BPL B VC BVS 

Re 1 ativ e 


ALUREG,INR[8:15] 


* - With Page Crossing. 2 —— Branch Not Taken. 

$ — Branch Taken Without Page Crossing. 

% — Branch Taken With Page Crossing. 
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that describes the operation codes* the instructions and the 
operations using an arithmetic or Jogic operation* and the 
expressions indicating the resuits of all kinds of 
arithmetic and logic operations is shown in Table 4o 

The arithmetic operation of binary addition without 
the carry input is specified by operation code 0» This 
arithmetic operation is intended for the execution parts of 
the DEC* DEX* DEY* INC* INX* and XNY instrucionso First* 
the data to be processed must be fetched from the location 
specified by operations for an addressing part in the case 
of DEC and INCo For the instructions that decrement the 
data in Dl* X* or Y* the processor has to generate eight 1° s 
implying -1 in two's complement form and place them on the 
ARGBUS connecting to argument L For the instructions that 
increment the data in DL* X* or Y* an 8=bit binary 1 must be 
put on the ARGBUS connecting to argument L The data to be 
processed must be placed on the IDBUS connecting to argument 
2o The carry and decimal mode flags in the Reregister are 
merely connected to the PS argument* since they do not have 
any effects on the arithmetic operationo This arithmetic 
operation is also utilised for address calcuflatieno 

For the ADC instruction* the arithmetic operation by 
which argument 1* argument 2* and the carry input are added 
together is selected by operation code lo The carry flag in 
the P register* as the carry input* must be connected to 
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Table 4. Specification of the Arithmetic-Logic Unit 


OP 

Instructions or Operations 

Internal Operation 

Code 

that use ALU operation. 

ALUIOP,* ARGl; A RG2 » PS) 


■ 

Address Calculation* Load* 
DEC* DEY* DEX, INC* INX, 
and INY 

ARGl + ARG2 

m 

ADC ( if PSC0]*0* binary ADC ; 
otherwise decimal ADC.) 

ARGl + ARG2 + PS C13 

2 

AND ana BIT 

\0\* ARG1 £ ARG 2 

3 

ORA 

\0\* ARG1 V ARG 2 

n 

EOR 

\0\* A RG1 3 ARG 2 

5 

SBC( if PSI0]*0* binary SBC; 
otherwise decimal SBC.) 

ARGl - ARG2 - PSC1] 

6 

CMP* CPX* and CPY 

ARGl - ARG2 

I 

ASL 

ARG2 »\0 V 

8 

LSR 

ARG2C7],VO\* ARG2C C:fcl 

9 

ROL 

ARG2*PSC1] 

— 

ROR 

ARG2C7]*PS[1]> ARG2[0*6] 


+: Add Subtract £: AND V: OR 3: Exclusive OR 
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PSE13p and the decimal] mode is also connected to PSE03 for 
the arithmetic operationo Both of the PS argument have an 
effect on the arithmetic operationo If PSE03 is clearedp 
binary addition wifi be performed-?-—other wo se decimal 
addition will be performedo The AC is always connected to 
argument Ip while DL os always connected to argument 2o 

The arithmetic operation of subtraction with borrow 
is specified by operation code 5o The carry and decimal 
flags have effects on the arithmetic operat5onp as in the 
arithmetic operation for ADCo However*) the carry flag is 

used as the borrow in this case 0 No negation of PSE13 is 

■ \ 

required because the ALU handles such an operation in 
itselfo The data to be subtracted must be connected to 
argument Ip while the aata to subtract must be connected.to 
argument 2» Since only the SBC instruction can use this 
arithmetic operationp AC and DL are always connected to 
argument 1 and argument 2p respect5veIyo 

The arithmetic operation of subtraction without 
borrow is designed for the CMPp CPXp and CPY instruct5onso 
Operation code 6 can specify this arithmetic operationo 

p 

Unlike the arithmetic operation for SBCp the PS argument 
does not affect the arithmetic operation at alio Argument 1 
and argument 2 must be connected in the same manner taken 
for SBCo The ACp Xp or Y is connected to argument 1 through 
the ARGBUSp and DL storing data from memomy is connected to 
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argument 2 through the IDBUSo 

Once'connections to the ALU have been defined by the 
operations for an execution part? the ALU will begin to 
produce 9-bit datao The 8 bits of the resultant data 
exclusive of the most significant bit are stored in ALUREG 
temporarily* and then transferred'into one of the internal 
registerso The selection of a destination register must 
also be done<> So far* an arithmetic operation has been 
performed* and the resultant data from the ALU has been 
stored in a destination registero The rest of the 
operations are used to refresh the P registero In order to 
renew the zero flag* the 8 bits exclusive of the most 
significant bit.are ORed bit by bit* and then the resultant 
bit is comp Iementedo If the bit is a 1* the data is equal 
to 0* otherwise the data has a value other than Oo 

The most significant bits of the orignal data placed 
on the IDBUS and ARGBUS as well as the most significan bit 
of the resultant data are compared to see if an overflow 
condition was generated as a result of the arithmetic 
operationo The overflow flag is set when an overflow 
condition occuredo Only the execution parts of ADC and SBC 
have the operations renew the overflow flago The negative 
and carry flags can be directly set or cleared by the 
corresponding bits of the 9-b5t resuItant datao Because the 
P register must be refreshed by the end of the T0CDVLP1 
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cycle? the data stored in ALUREG can not be usedo In factp 
some instructins request an arithmetic operation during the 
T0CDVLP3 cycleo 

Logic 

The ALU must also perform logic operations for the 
functidnsof ANDp ORp excus 5 ve ORp shiftp and rotation 0 The 
functions of shift and rotation are classified into a logic 
operation for compact discussionp as mentioned before 0 Only 
the two types of logic operations for the rotation function 
use the PS argument? though all logic operations use 
argument 2o Only the logic ,operations for the ANDp BIT? 

ORA? and EOR instructions use argument lo For the logic 
operations to generate the AND? ORp and excusive OR 
functionsp AC is connected to argument 1 through the ARGBUSp 
while DL is connected to argument 2 through the IDBUSo For 
the logic operations for the shift and rotation functionsp 
the data in AC is placed on the AR6BUS connecting to 
argument lo The operation codes for the respective logic 
operations should be refferred to in the. Table 4o 

Once a logic operation has been performed? the 8 
bits of the resultant 9— bit data exclusive of the most 
significant bit will be stored in ALUREGo The most 
significant bit is used to renew the carry flag for such 
instructions as ASL? LSRp RQL? and ROR 0 Data transfer from 
ALUREG into AC must be defined for all the instructions 
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except BITo all 1 instructions associated with a logic 
operation refresh the zero and negative flagso However* the 
BIT instruction must renews the negative and overflow flags 
by using the most significant bit and the next most 
significant bit of DL* respective1y 0 

Load 

The load instruction takes advantage of the 
arithmetic operation specified by operation code Oo The 
reason of use of the arithmet5c, operation is that only the 
data from the ALU is allowed to affect the P register 
except for restoring the previous contents of the P register 
from the stacko Therefore* the data latched into DL must 
first go through the ALUo Since the data os not supposed to 
be changed* zero should be added to the data in the ALU° 

The carry and zero flags are cleared or set in the same way 
discussed beforeo 

For the arithmetic operation* DL must be connected 
to argument 1 through the IDBUS* and eight O's must be 
placed on the ARGBUS connecting to argument 2o The cycle in 
which the arithmetic operation is performed will be 
determined by the addressing mode that an instruction* which 
will be one of the LDA* LDX* and LDY instructions* is using<> 
Once the arithmetic operation has been performed* the 
resultant 8-bit data is stored in ALUREG and then 
transferred into one of the des-t-i nat i on registers* AC* X* 
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and Yo 

Store ' 

The only operation is to place the data stored in 
AC* X* or Y on the XDBUS in an appropriate cycle 0 Note that 

j . '• 

logic 0 must be p8aced on the SYNC line in the same cycle to 
indicate the execution of a write operationo The IDBUS must 
be explicitly connected to the DBUSo 

Jump 

The BRK* JMP* JSR* RTI* and RTS instructions are 
jump i ns tr uc 15 on s o As already stated* The JMP does not have 
an execution parto All operations that JMP must do are used 
for its addressing parto The other four instructions have 
operations to either store data in the stack or load data 
from the stacko Since they use only the impIied address ing 
mode* the cycles in which the operations for their execution 
parts will be done are fixedo The operations for JSR will 
be explained on behalf of the se four instructions as 

f oI Iows s 

The first cycle in which the processor can execute 
some operations for an execution part is the T2 cycle 0 The 
first operation of JSR is a write operation in the stacko 
However* a write operation is not allowed in the T2 cycle* 
because the IDBUS is used for a data transfer from DL into 
TRo Thus* the write operation to store the high order byte 
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of a returning address stored in PC must wait for the T3 
cycle,, The address pointing to the currency used location 
in the stack has been produced during the T2 cyc!e 0 

In the T3 cycle* the contents of PCC0S7J* the upper 
haif byte of the returning address* are piaced on the IDBUS 
and then written in the location through the data buso The 
IDBUS is explicitly connected to the DBUS because the 
connection is eye I e-dependento During the T4 cycle* the low 
order byte of the returning address must be written in the 
next lower locationo The address addressing the location 
has been produced and stored in INR by the beginning of the 
T4 cycle,, Since the returning address has been saved in the 
stack by the beginning of the T5 cycle* no write or read 
operation is expected,, 

The remaining operations for the execution part are 
to set the new stack address in SP so that the next read or 
write operation in the stack-can be done correctly,, During 
the T5 cycle* the latest stack address is transferred from 
INR into PC while the high order byte of a jump address is 
being fetched,, The next cycle is the next OP CODE fetch 

5 - ... 

cycle* but some operations can be overlapped as long as the 
conflict on the internal buses* internal registers* and 
CLU°s does not occur,. Since the IDBUS is free during the 
T0C0VLP3 cycle* the contents of PCC8sl53 can be transferred 
into SP over the IDBUS „ The page number of the stack is 
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always page 1| therefore; only the Sow order byte 5s stored 
in SPo In fact; SP 5s an 8-bit register.. No oyer Jap os 
necessary during the T1EQVLP3 cycle because aid operations 
have been completed by the end of the TOEOVLPSo 

An internal operation sequence of JSR has been 
provided in Appendix Co Appendices A and B shoufld be 
referred to before analyzing any instruction.. 

Set/Clear 

Ail instructions classified into the set/clear 
instruction use only the implied addressing mode.. 
Furthermore; the instructions require the same number of 
cycleso So the operations for the execution parts of the 
sef/clear instructions as well as the addressing parts can 
be uniformed except the flags to be set or cleared by the in 
structionso Since the instructions do not employ any 
additional cycles; the execution parts must be defined 
within the T0CQVLP3 and T1£Q\/LP3 cycleso The only operation 
to set or clear the corresponding flag for each execution 
part is to be done 0 Thus; only one cycle is necessary to 
carry out the above operationo T0C0VLP3 cycle is selected 
because of the fact that the P register is checked by the 
branch instructions in the T1C0VLP3 cycle.. 

Transfer 

Like the set/c I ear instruc15ons; ail transfer 
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instructions require no additional cycles and utilize the 
implied addressing modeso However; they must use both the 
TQEQVLP3 and T1E0VLP3 cycles for the-jr execution parts. 0 

In the T1EDVLP3 cycle* the data to be transferred 
must first be put in the ALU and then stored in ALUREGo The 

reason of the above operation is that only the data from the 

( 

ALU can affect the P register Therefore* the negative and 
zero flags will be set or cleared depending on the data from 
the ALUo Operation code 0 specifies the arithmetic 
operation used for this operationo One of the source 
registers* AC* X* Y* and SP must be connected to argument 2* 
while the an 8-bit binary 0 must be placed on the ARGBUS 
connecting to argument 1» Note that although the TXS does 
not affect any flags* the data stored in X is transferred 
into SP through the ALU and ALUREG for the uniformity of the 
operations designed for the transfer instruct 3ons« During 
the TIEOVLP3 cycle* the data in ALUREG is routed into one of 
the destination registers* AC* X* Y* and SPo A source and 
destination registers are determined by a.transfer 
instr uctione 

Stack 

The stack instructions can be further divided into 
push instructions such as PHA and PHP and pull instructions 
Such as PLA and PLPo The execution parts of the pull 
instructions will be analyzed as follows? 
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During the T2 cycle? a stack address is provided on 
the IADBUS by using SPo Either the contents of AC or the 
contents of P are placed on the IDBUS and then written in 
the location addressed by the stack addresso Since the 
IDBUS is not used for another operation necessary for later 
operations? the T2 cycle can be effectively used for the 
write operationo In the same cycle? the stack address is 
decremented to keep track of the currently used stack 
addresso The address is saved in PC in the T0C0VLP3 cycle? 
and stored in SP during the T1C0VLP3 cycleo 

The execution parts of the pull instructions require 
an additional cycle because the location specified by SP 
does not contain expected data 0 So? the data fetched in the 
T2 cycle is merely discardedo The next upper stack address 
is obtained by incrementing the stack address on the IADBUSo 
N ow? the expected data from the location pointed to by the 
incremented address in INR can be fetched during the.T3 
cycleo In the T0I0VLP3 cycle? the fetched data in DL is 
transferred into the P register for PLP or into the ALU for 
PLAo The data from the ALU is used to refresh the negative 
and zero flagso Because the data in the P register affected 
itself directly? no transfer to the ALU is assumed in the 
case of PLPo The stack pointer is refreshed in the same way 
the pull instructions use 0 

The internal operations of all instructions have 
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been analyzed on terms of the addressing, parts and execution 
partso Internal operation sequences of 37 instructions have 
been attached on Appendix C on accordance with the 37 kinds 
of addressing patrts employed in the 6502 o The internal 
operation of any instruction can be anaJyzed by means of the 
corresponding sequenceo The 37 internal operation sequences 
wiii heip to develop a 6502 AHPt description very 
effectively.) So far* no conflict between the onteranl 
architecture shown in Figure 2 and the internal operation 
sequences appearso The reader should note that the internal 
operation sequences are not exactly same asp what -Is cal led; 
a control sequence in reference lo They do not have step 
numbers and a branch parto 


Inp uts 

Since the internal operations of all instructions 
have been discussed by this pointp the internal operations 
of all inputs should next be analyzed in order to complete 
analysis of the whole internal operations of the 6502o 
Analysis of the outputs will not be necessary because they 
are provided to reflect the results of the internal 
operations.) There are six inputsp that isp IRQp NMIp RESp 
RDYp PHI Op and SoOo in the 6502o No explanation of PHIO 
will be required because of its charcter i stic<> Fi rstp the 
IRQp NM Ip and RES inputs? which have rather comp Iicated 
operations willbe analyzed.. The RDY and SoOo 5 nputs. will 
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oe discussed next at the conclusion of this chapter» 

Inter r upt Inputs 

The 650E has two types of interrupt inputso The IRQ 
input is a maskable interrupt input* while the NMI input is 
a non-maskable interrupt inputo Therefore* the NMI input 
has priority over the IRQ inputo The RES input is not 
called an interrupt inputo However* the RES input will be 
analyzed here together with the IRQ and NMI inputs because 
the internal operation of the IRQ input is quite similar to 
those of the IRQ and NMI inputso The RES input can be 
thought as an interrupt inputo By using the general 
sequnce of the interrupt inputs given in Figure 5* the 
internal operations of the interrupt inputs will be analyzed 
cycle by cycle as follows: 

TO — The TO cycle is the OP CODE fetch cycle* but 
the OP CODE fetched is void since the processor is about to 
.execute the internal operation of an interrupt input* one 
of the RES* IRQ* and NMI inputsd Like the internal 
operation of an 5nstruct5 on* the internal operation of an 
interrupt starts with the TO cycleo The TO cycle is simply 
furnished in conjunction with the internal operations of the 
i nstructionso The address on the IADBUS is tranferred into 
INR either directly for IRQ and NMI or through INC for RES o 
For RES * the incremented address in INR does not have any 
meaningso On the other hand* the hon~incremented address in 
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TO 


IADBUS 
INR < = 


• PC; IR <= DBUS; SYNC * \l\j RW * \1\} 


IADBUS. for RES. _ 

INC(IADBUS). for IRQ and NMI . 


T1: 

IADBUS 
INR <* 

* INR; DL <= DBUS; SYNC * \0\; RW * \l\; 
INC( IADBUS ) ; PC <= INR. 

Ta: 

IADBUS 

* \ 0 1 Ot 0 t Ot Ot Ot Ot 1 \t SP j 

; SYNC * \0\; 


RW * 

\1\; for RES. 



\0\; for IRQ and NMI. 


IDBUS * 

PCIO: 

7]; 

DBUS * 

IDBUS; 

for IRQ and NMI. 


I NR t 0 s 7] <= I AD BUS C 0:7 ]; 

I NR [ 8 : 15 ] <= DECC6:15](IADBUS ) . 


T3 s IADBUS * INR; SYNC * \0V; 




RES . 

U\; 

for 

\o\; 

for 

IRQ and NMI. 


I DBUS 

= PC C 8 : 

1535 

P C 3 3 <* \0\ ; 

DBUS * 

IDBUS; 

for IRQ and NMI. 

for IRQ. 


INR[8:153 <= DEC[6:15](IADBUS). 


T4: IADBUS * INR; SYNC = \0\; 





\1 V; 

f or 

RES . 

\o\; 

f o r 

IRQ and NMI. 


IDBUS * p; _ _ 

DBUS * IDBUS; for IRQ and NMI. 


I NR[8 s15 J <= DECE8:153 (IADBUS). 


Figure 5. General Sequence for Interrupt Inputs 
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T 5 : 

T6: 

TOC OVIP] : 


I AO B US * 





\ififlflfifififififififlflfifOfO\; 

for 

RES. 

\ 1 > 1# If If If If If If If If If If If If If C\; 

for 

IRQ. 

MflflflflflflflflflflflflfOfifCV; 

for 

NMI. 


DL <* DBUS; SYNC * \0\J RW * \l\} 
INR <= INC(IADBUS); PC O INR. 


IA 0 BUS * INR; DL DBUS; SYNC « \0\; RW * V1\J 
IDBUS * DL; TR <= IDBUS; P C 5 3 <* \1\. 

IDBUS * DL,TRj IR <= DBUS; SYNC <= \l\; 

RW = \1\; INR <= INC(IADBUS)> 

IDBUS * PC 18:153; SP O IDBUS. 


Figure 5. — Continued 
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XNR is’ directly related to a returning address to be stored 
in the stack for IRQ and NMIo 

T1 — The T1 cycle is the data fetch cycle following 
the OP CODE fetch cycSeo However* the data fetched in this 
cycle is totally useless^ The operation of the address 
transfer from INR into PC is only important to the interrupt 
inputso The other operations are merely provided in 
relation to the internal operations of the instructionso 

l 

T2 — The stack address on the XADBUS is produced by 
catenating an 8-bit binary one and the contents of SPo For 
RES* a read operation is performed* but no data is required 
to be stored. The T2 cycle is an idle cycle for RES o The 
high order byte of a returnig address in PC is saved in the 
location specified by the stack address on the XADBUS for 
IRQ and NMXo The R/W Sine must be pulied either high or Sow 
according to an interrupt inputo Then* the high order byte 
of the stack address indicating the page number is 
transferred into XNR£0s7] o For this operation* the 
processor wili not need to generate an 8-bit binary one for 
page one any ionger. The low order byte is transferred into 
DEC and then stored an XNRC8?15]o 

T3 — For RES* data is fetched from the next lower 
location by using XNRo The data is simply discarded.. For 
IRQ and NMI* the low order byte of the returning address is 
written in the location.. The stack address on the lADBUS is 
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decremented again during the T3 cycie.o Note that the break 
command flag is cieared to indicate the acceptance of an IRQ 
interrupt input signal o No such 'oper at i on needs to take 
piace in the interaafl operations of RES and NMIo This os 
because that the BRK instruction and IRQ input use the same 
v.ector locations FFFE and FFFFo The stack address is 
decremented and stored in INR* as in the T2 cycieo 

T4 —- The operartions in the T4 cycle are almost the 
same as those in the T2 and T3 cycleso A main difference is 
that the contents of the P register are saved in the stack 
for IRQ and NMIo A read operation is performed again for 
RES o ' 

T 5 -=> The processor generates the vector address* 
FFFA for NMI* FFFC for RES* or FFFE for IRQ and then places 
it on the IAQBUSo The vector address on the IADBUS is 
incremented in INC and then stored in INR to prepare for the 
next data fetcho 

The data fetched is the low order byte of the starting 
address of an interrupt routine^ The latest stack address 
in INR is transferred into PC before modified by the next 
vector address incremented in INCo 

T6 ~ During the T6 cycle* the high order byte of 
the starting address is fetched from the location specified 
by INRo The low order byte stored in Dl is transferred into 
TR over the IDBUS before deleted by the high order byte<> In 
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the same cycle* the interrupt disable flag is set to reject 
further interrupt signalSo However* the fJag can not 
disable the RES and NMI input signaiso 

TOCOVLP3 — The DL and TR produce the address to 
point to the location where the first data fetch of the 
interrupt routine will be done 0 The low order byte of the 
stack address in PC is sent to SP-over the IDBUSo 

Complete internal operation sequences of the RES* 
IRQ* ana NMX inputs have been attached in Appendix Do 

Simple X nputs 

There are two inputs yet to be analyzedo The RDY 
and SoOo inputs have rather simple operations than the 
interrupt inputs discussed right beforeo 

RDY —• As briefly described in Chapter 2* the RDY 
input can halt all cycles except write cycleso In the 
context of digital hardware systems* the term* halt usually 
implies the halt of clock signals used for registers* 
fIip-fI ops* etco Thus* the signal generated by RDY must be 
connected to a clock generator in order to be able to stop 
the transitions of clock® To generate a control signal* The 
RDY must be conditioned with the R/W -output because only 
read cycles can be haltedo The exact operations of RDY will 
be discussed in the next chapter in association with a 6502 
AHPL description 0 

So Oo — The operation of the Sod® input can be 



76 


implemented by one transfer operationo When the So0« input 
is pulled lowj> the overflag will be set immediatelyo 

Internal operation sequences of these inputs have 
also been shown in Appendix Do 



CHAPTER 4 


AHPL DESCRIPTION 

In order to realize the 6502 microprocessor in the 
form of an SLA* a 6502 AHPL description must be developed 
firsto For the development* the internal operations of the 
6502 have been analyzed by now® An efficient 6502 AHPL 
description is requested because of the nature of a VLSI 
implementation® For this reason* internal operation 
sequences of typical instructions have been produced.. It 
will help to synthesize the internai operations effectively.. 

The purpose of this chapter is to develop a 6502 
AHPL description aimed at an SLA realization step by step 0 
This chapter will also discuss the methods utilized in 
deveI oping the 6502 AHPL description® In this chapter* it 
is assumed that the reader has an enough knowledge of AHPL® 

A reader who does not have an experience of designing a 
hardware system by using AHPL should refer to reference 1 
oefore getting into the following discussion® The reader 
shall often see the 6502 AHPL description provided in 
Appendix F as the discussion in this chapter proceeds® 

Dec Iarations 

As the first step* a module name* the internal 
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buses* the internal registers* the CLU°s* the inputs* the 
outputs* the buses* control .fIip-fI ops* and communication 
terminals must be properly declared in developing a 6502 
AHPL description.) AH internal registers of the 6502 as 
well as several control flip-flops are declared in a MEMORY 
section., The six inputs are declared in an EXINPUTS 
section* while the outputs are declared in an OUTPUTS 
section.. The address bus is also placed in the OUTPUTS 
section., Some communication terminals must be declared in 
the OUTPUTS section as well® A BUSES section defines the 
internal buses* while an EXBUSES section defines the data 
bus.. According to a rule defined for the new multi-stage 
compiler* the three CLU°s are declared in three CLUNXTS 
sections separately® 

Note that the INC and DEC units are declared 
separately* though the internal achitecture in Figure 2 has 
the INC/DEC unit® The use of the INC and DEC units instead 
of the INC/DEC unit will be justified by the simplicity of 
the 6502 AHPL description® Explanations of those control 
flip-flops and communication terminals will be given when 
necessary® 


Data Fetch Cycle 

As stated in the.preceding chapter* the data fetch 
cycle following the OP CODE fetch cycle is common to all 
internal operations® The common data fetch cycle is defined 
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in step 2» Before the discussion of step 2* step 1 must be 
developed firsto 

51 — Since step 1 is to be associated with the 
CQNTROLRESET(1) statements step 1 must define the TO cycle 
of the internal operation of the RES inputo The above comes 
from the fact that the 6502 is started or reset by a signal 
on the RES input lines Thus* the compiier must understand 
that step 1 wiLI be executed immediately when the RES input 
declared in the EXINPUTS section went Jowo The above 
capability has been provided in the new compilers However* 
the statement for that purpose is not inserted in the 6502 
AH PL description attached in Appendix F° The gramirer 
concerning CQNTROLRESET{1) had not been available by the 
time the latest version of the AHPL description was 
completedo A read operation is merely performed in step 1 0 
In additions the control flip-flops* IRQF and NMIF that will 
indicate the acknowledgement of IRQ and NMI input signals 
are cleared,, The necessity of these operations will be 
clarified in later stepso 

52 — Step 2 is for the common OP CODE fetch cycles 
The control flip-flop* EXT is used to indicate whether or 
not one of the internal operations of the RES* IRQ* and NMI 
inputs is to be performed,, If one of the control 
flip-flops* RESF* IRQF* and NMIF has been set* the EXT 
flip-flop will be set and control branches to step 25 to 
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execute the rest of the interna!! operation of the interrupt 
input whose control flip-flop has been set. If not* control 
continues to step 3 to decode the OP CODE currently stored 
in the IRo The other operations in step 2 have been 
explained in Chapter 3<> 

* Instruction Decoding 

Before the common data fetch cycle in step 2* an 
QP CODE has been stored in IR by one of steps 21* 22$ 22$ 
and 24 intended for the OP CODE fetch cycle* except for the 
initial operation by the RES inputo Instruction decoding 
must take place in the internal operations of all 
instructions.. To determine how many additional cycles the 
instruction being stored in IR will require* the instruction 
decoding must be done within the data fetch cycle.. 

It is not efficient to write one big conditional 
branch statement in step 2 because of the 151 8-bit 
OP CODE'S.. Furthermore* it is not desirable to have 
individual steps for the internal operation of each 
instruction since each non-NODELAY step requires one D 
flip-flop for sequence control,. On the other hand* it will 
be clumsy to have only one step for the same cycie of the 
internal operations of all instructions and inputs because 
of the necessity of a large number of condition parameters 
to operate proper conditional transfers* connections* and 
branches. A moderate number of steps should be used to 
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accomodate the entire internal operations so that 
conditional transfers* connections* and branches will need a 
moderate number of condition parameters.. 

Common operational features have been checked by 
means of the internai operation sequences in Appendix Co As 
the result* related instructions and inputs are classified 
into six groups called scheme A* B* C* D* E* and Fo The 
classification of the instructions and inputs is neatly 
indicated in Table 5o A Karnaugh map method will be 
extensiveIy utiIized for not only the instruction decoding 
but also the synthises of the internal operationso A 
Karnaugh map of the operation codes has been provided in 
Appendix E for readers 8 covenience« Step 3 through step 20 
associated with,the instruction decoding will be discussed 
as follows* 

S3 — Since 256 OP CODE'S can be defined by the 
combinat i on -of 8— bit data* 105 undefined OP CODE'S on the 
map attached in Appendix E must be eliminated to identify 
one of the scheme which the OP CODE stroed in XR belongs to 0 
If the OP CODE .is one of the OP CODE'S in the area confined 
by XRE61XRC7] = 11 on the map* control jumps to step 21 in 
which the next OP CODE fetch will be performed., The 64 
undefined OP CODE'S on the map are eliminated by the 
condition parameters XRC6] and XRC7] 0 An undefined OP CODE 
is regarded as a non-operation code in the AHPL description., 



Table 5 


Classification of Instructions by 
Addressing Modes and Features 


Scheme 


Instruct!ons 


Common 

Features 


PLA PLP RTS 


Stack related 
Instructions and 
Operations. 


IRQ 

RES(Operations 

LSR 

ROL 

RCR 


CLD 

CLI 

CLV 

DEX 

INX 

INY 

NOP 

SEC 

SEI 

TAX 

TAY 

TSX 

TXA 

TYA 



AND 

CMP 

CPX 

CPY 

LDA 

LDX 

LDY 

ORA 

BCS 

Bt Q 

B MI 

BNE 

B VC 

B VS 




BIT CMP CPX 
LDA LCX LDY 


ASL DEC 
ROR 


(Index X ) 


INC L SR ROL 
(Index X) 


Accumulator i 
Implied Mode 
Instructions 
(2 cycles). 


Immediate and 
Relative Mode 
Instructions 
(2 bytes) . 



Absolute Mode 
Instructions. 


Absolute Indexed 
node Instructions. 
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Scheme 


Instructions 


C ommon 
Features 




ADC AND BIT CMP CPX 
CPY h OR L D A LDX LDY 
DRA SBC 


STY 


EC INC 


ADC AND 
LDY ORA 



(Index X) 



(Index Y) 


(Index Y) 


ADC AND CMP E OR LDA 
ORA SBC 


ADC 

AND C 

ORA 

SBC 


Absolute Indexed 
Mode Instructions 


Indirect Mode 
Instruction. 


Zero Page Mode 
Instructions. 




Zero Page Indexed 
Mode Instructions. 



Indexed Indirect 
Mode Instructions. 


Indirect Indexed 
Mode Instructions. 
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In other words*- aiJ undefined OP CODE'S are treated lake the 
NOP instruction 0 No information with respect to an 
undefined OP CODE was available at the time of the 
development.. Since the instruction decoding must be 
completed by the beginning of the next operation cycle*, a 
NODELAY statement is put in each step used for the 
instruction decodingo By using a NODELAY statements the 
instruction decoding is not necessarily placed in step 2o A 
NODELAY step will not harm a hardware realization a lot 
because no flip-flop is required for sequence control.. If 
the OP CODE in IR has not been selected by the conditions 
control continues to step 4o Note that thare are still more 
than 40 undefined OP CODE'S on the map. 

54 — The instructions grouped into scheme A such as 
BRKs JSRs PHAs PHPs PLAs PLPs RTIs and RTS are checked in 
step 4a If the OP CODE matches one of these instructionss 
control branches to step 25o In this cases the instruction 
decoding is not required any longer.. The further 
distinction of those instructions will be done by using 
conditional transferss connectionss and branches in the 
steps concerned with scheme A 0 If nots control advances to 
step 5o 

55 — By the condition IRE43 £ A IR[53 £ *XR[73s step 
5 checks whether or not the OP CODE is for one of the 
instructions classified into scheme B 0 If sos control jumps 
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to step 10* otherwise control goes down to the next step 0 
Note that the area confined by the condition still has six 
undefined OP CODE c So The condition parameters will select 
sufficiently only the scheme B instructions because the PHA* 
PHP* PLA * and PLP instructions that are also in the area 
confined by the condition have been eliminated in step 

56 Step 6 selects the instructions employing the 
immediate or relative addressing mode placed under scheme Co 
The area confined stiil includes undefined OP C0DE 8 So The 
branch condition in step 6 is shown in step 6 of the AHPL 
description in Appendix Fo If the confition is satisfied* 
control branches to step 12 for further elimination of the 
undefined OP COD£“s* otherwise controI continues to step 7» 

57 By the condition IRC43 * 1* the instructions 
using the absolute* absolute indexed* or indirect addressing 
mooe can be selectedo They are categorized into scheme Do 
The above simple condition is because the OP C0DE a s in the 
area confined by IRC43IRC53 * Id have already been 
eliminated in the previous steps« If the condition is true* 
then control jumps to Step 16o If false* control continues 
to step 8o The area confined still contains undifined 

OP C ODE 5 s o 

$8 •*•=* Step 8 determines whether or not the OP CODE 
currently stored in IR is for one of the instructions 
utilizing the indexed indirect or indirect indexed 
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addressing mode.. Only IRC5] is used as a branch conditiono 
If 1RC53 of the OP CODE is equal to Ip control branches to 
step 19 for further decoding* otherwise control advances to 
step 9 for scheme F° 

S9 — Since the OP CODE not selected in step 3 
through step 8 is for a scheme E instructionp control jumps 
unconditionally to step 42 where the T2 cycle of the 
internal operation of the scheme E instruction will be 
performedo No elimination of undefined OP CODE'S is 
necessary. This step can be omitted by adding the negative 
condition A IRE53 to the branch statement of step 8<> 

510 **“ Step 10 is used to remove the undefined 
QP CODE'S from the OP CODE'S selected in step.5o If the 
OP CODE currently stored in IR is one of the instructions 
classified into scheme Bp control proceeds to step 11 0 In 
the case that the OP CODE matches one of the undefined 

OP CODE'S or the NOP instructionp control branches to step 
21 as usuallyo The NOP is removed in step 10 to make the 
description for the internal operations of the scheme B 
instructions simpler.. 

511 -- To avoid writing a lengthy conditional branch 
statement in step 10p step 11 is added., Step 11 provides an 
uncoditional branch to step 30 where the T2 cycle of the 
internal operations of the scheme B instructions will be 


per formed 
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512 — Step 12 removes undefined OP CODE'S from the 
OP CODE'S selected in step 6« If the OP CODE in XR is one 
of the undefined OP CODE'S? control branches to step 21 for 
the next OP CODE fetch? otherwise control continues to step 

13 o 

513 — The OP CODE'S not chosen in the preceding 
step consist of the OP CODE'S for the scheme C instructions 
and several undefined OP CODE'So Some of the defined 

OP CODE'S are checked in step 13 by the condition IR C 0 3 £ 

A XR[1 ] £ IR[21 £ *IRC3]o If the condition is satisfied? 
control jumps to step 31 for the internal operation of a 
scheme C instruction? otherwise control goes down to step 

14 o 

514 ■— Step 14 is also used to choose the undefined 
OP CODE'S from the OP CODE'S not selected in step 13o For 
the undefined OP CODE'S? control branches to step 21. For 
the OP CODE'S for the remaining scheme C instructions? 
control advances to the next stepo The iast three steps? 

S12 ? S13? and S14 are devised for simple branch conditions 
as well as decoding functionso 

515 -— Control branches unconditionally to step 31 
to perform the internal operation of a scheme C instruction.! 

516 -— Step 16 is provided to select some of the 
undefined OP CODE'S from the OP CODE'S chosen in step 7 o 
Control jumps to step 21 for the undefined OP CODE'S or goes 
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to step 17 for the OP CODE'S not selectedo 

517 — The area not confined in the preceding step 
sti J i has some undefined OP CODE'S., If the branch condition 
is true? the OP CODE in IR is undefined* otherwise the 

OP CODE is for one of the scheme D 5nstruct5ons 0 Control 
branches to step 21 for the undefined OP CODE'S or advances 
to the next step for defined OP CODE'S., 

518 — Step 18 is provided to make the branch 
condition of step 17 concise., Controi jumps unconditionally 
to step -35 for the T2 cycie of the internal operation of a 
scheme D instruction., 

519 *— Step 19 removes ail undefined OP CODE'S from 
the OP CODE'S selected in step 8 0 Controi advances to step 
20 if the OP CODE is for one of the scheme E instruct i onso 

520 — Once control has reached step 20* control 
branches unconditionally to step 40 to start the T2 cycle of 
the internal operation of a scheme E instruction., 

A flowchart for the instruction decoding together 
with step 1 and step 2 is indicated in Figure 6o The 
flowchart will give a more concise view of the sequnece of 
the instruction decoding., 

OP CODE Fetch Cyc I e 

As explained in Chapter 3 j> addressi ng reg isters that 
provide an address on the 1ADBUS for the OP CODE fetch cycle 
during the TO or T0C0VLP3 cycie are determined by the 
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preceding instruction.. There are five combinations of the 
addressing registers* and they are not completely reflated to 
the addressing modes or the types of the instructions 0 
Thus* it will be required to have a conditionai connection 
with five flengthy conditions that select the five 
combinations of the addressing registers.. Instead* four 
steps are developed to cope with the OP CODE fetch cycle.. 

Two of the five combinations of the addressing registers are 
put together in one step* because they are selected by . 
rather short conditionso Steps 21* 22* 23* and 24 will be 
discussed together as follows? 

S21* S22* S23* and S24 -*•- The only difference among 
these steps is the use of a different combination of the 
address ing registers. Step 21 places a 16-bit address 
stored in PC on the IADBUS* while step 22 puts an address 
stored in INR on the IADBUSo A 16-^bit address provided by 
Dl and TR is loaded on the IADBUS in step 23 0 In step 24* 
either the catenation of XNR[0?7J and AtUREG or the 
catenation of ALUREG and INRC8?153 produces a 16-bit 
address.. The other operations are common to those step. 

Since the address on the IADBUS during the OP CODE 
fetch cycle is not supposed to be incremented in the case of 
tffe internal operations of the IRQ and RHT inputso This 
operation will be done if either the IRQ or NMI input signal 
is recognized by the processor.. The above condition can be 
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described by NMIFF + NM + {''IRQ £ A Pf5])o Since the NMI 
input signal can be accepted in any cycle* NMIFF is used to 
remenber the occurence of a signal on the NMI input I anep 
and the NM communication terminal is proviede to indicate 
the occurence of a signal on the NMI input line during the 
OP CODE fetch cycle<> The IRQ input signal is acknowledged 
only during the OP CODE fetch cycle* if the interrupt 
disable flag is cleared and an NMI interrupt has not been 
requested*. 

It is assumed that an NMI interrupt has priority 
over an IRQ interrupt when both signals are candidates to 
activate their internal operationso No informat5 on about 
the above situation is available*) However* it will be 
natural that the NMI input has priority*, The IRQF control 
flip-flop to be set by the condition '''(NMIFF </■ NM) £ ''IRQ £ 
''PC51 can not be used as a condition parameter for the 
address transfer from the IADBUS into INRo To set NMIF* the 
NMIFF control flip-flop must be usedo NMIFF is set whenever 
a negative going edge on the NMI input line appears* and 
only cleared during the DP CODE fetch cycle*. The operations 
to set NMIF and IRQF must be done during the OP CODE fetch 
cycle because the internal operation to be performed is 
decided during the data fetch cycle (Tl)o The steps 
associated with the OP CODE fetch cycle are shown in Figure 


7 
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Figure 7. Flowchart for OP CODE Fetch Cycle and Scheme A 
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Internal Operations 

The operations to be performed in the T2 cycle and 
the f ol I otting cycles of the internal operations of all 
instructions and inputs must be defined after step 24 in 
order to complete the 6502 AHPL description.) As ail 
instructions and inputs are classified into the six schemes 
for efficient synthesis of all internal opeations* each 
scheme will be developed in turn after step 24o Following 
the steps for scheme F* the operations for execution parts 
will be definedo Since only the scheme which the DP CODE 
stored in IR belongs to has been determined through the 
steps associated with the instruction decoding* further 
distinction among the scheme instructions must be done by 
means of conditional transfers* connections* and branches.. 

Scheme A 

The steps in association with scheme A are intended 
to describe the operations for the T2 cycle and the 
following cycles of the internal operations of the scheme A 
instructions and inputso Since the 8RK instruction as well 
as the RES * IRQ* and NMI inputs requires five cycles other 
than the TO and T1 cycles* at least five steps should be 
assigned for scheme Ac Step 25 through step 29 will be 
discussed as follows; 

S25■*— Step 25 defines all operations for the T2 
cycle of the scheme A instructions and inputs.. In order to 
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synthesize the operations* related internal operation 
seqeunces attached in Appendix C should be studied firsto 
The Karnaugh map in Appendix E shouid also be used to derive 
as little condition parameters as possible for conditional 
transfers* connections* and brancheso Since the operations 
in step 25 are performed for the internal operations of the 
instructions and inputs c!assified into scheme A* the 8 bits 
of IR and the EXT* RESF* IRQF* and NMIF control flip-flops 
must be used as condition parameters. 

The conditions having only IR bit parameters must be 
further conditionaed with *EXT* because IR might have stored 
one of the OP C0DE°s for the scheme A instructions in the 
last OP CODE fetch cycle when the processor is going to. 
execute the internal operation of one of the inputs. The 
EXT is set during the T1 cycle in step 2 if requested. 
Instead of using the RESF + NMIF + IRQF condition* the use 
of the EXT parameter will Shorten the conditions necessary 
for the operations defined in step 25 through step 29. 

More than one of RESF* IRQF* and NMIF may not be set 
in the steps associated with scheme A in order to carry out 
correct condition a I operat i ons. As discussec before* IRQF 
and NMIF must be set only during the TO cycle in steps 21* 
22* 23* and 24. This is because that only the operations 
for one of the inputs must be done until the internal 
operation of that input has been completed. The operations 
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to clear IRQF and NMXF in step 1 are provided to allow the 
start of the internal operation of the RES input in the 
course of the execution of the internal operation of either 
the IRQ or NMI inputo 

The connections to and from the DBUS are conditioned 
by the R/W outputo If the internal operations for either. 

PHA or.PHP is done on step 25; control branches to steps 21 
and A7 in parallel where the next OP CODE fetch and the 
executional operations for either PHA or PHP will be 
performed; respective!y» If not; control continues to step 
26o Note that the internal operations of PHA and PHP 
require one cycle; that is step 25; other than the TO and T1 
cycleso 

S26 *— Step 26 describes the operations for the T3 
cycle of the internal operations of the scheme A 
instructions and inputSo Since the condition parameters 
used in the conditional operations for scheme A have already 
been examined; further explanations about conditions wiI 8 
not be necessaryo Only the operations not discussed in 
Chapter 3 will be br ieffly explained here 0 In order to 
understand the meanings of the operations and the 
conditions; the internal operation sequences concerned with 
the scheme A instructions and inputs in Appendices C and D 
as well as the K-map in Appendix E should be referred too 
The operations for PLA and PLP can be conditioned by a less 
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number of condition parameters because the OP CODE'S for PHA 
and PHP have been eliminated in step 25» If the processor 
is executing either PLA or PLP* control jumps to steps 21 
and 47* as in the case of PHA and PHPo Otherwise* control 
advances to the next step D 

S27The operations for the T4 cycle are defined 
in step 27o Since ail the remaining instructions and inputs 
require more cycles to complete their internal operations* 
control simlpy continues to step 28o Thus* there is no 
branch statement in step 27 0 

528 The operations in step 28 are described for 
the T5 cycleo In this step* the JSR* RTI* and RTS 
instructions will be branched in order to complete their 
executional operations and to fetch the next OP CODEo 
Control branches to steps 22 and 48 in parallel if the 
operations for RTS has been performed., The internal 
operation of RTS uses the OP CODE fetch cycle of step 22* 
and the executional operations will be done in step 48o The 
operations in step 48 will overlap the OP CODE, fetch cycleo 
If the operations for either JSR or RTI has been done* 
control branches to steps 23 and 48o The JSR and RTI can 
utilize the same executional operations as RTS useso 
However* the internal operations of JSR and RTI require the 
OP CODE fetch cycle of step 23» 

529 — Step 29 describes the operat 5ons for the T6 
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cycle of the internal operations of the BRK instruction and 
the three inputSo Because all the operations in the T6 
cycle are common to the internal operations of the remaining 
instructions and inputs* no conditional operation is neededo 
After finishing the operations* control branch to steps 23 
and 48* as in the case of JSR and RTIo 

A flowchart for scheme A is given in Figure 7o 

Scheme B 

The i nstr uc t i o>rvs using the accumulator or implied 
addressing mode are classified into scheme Bo Since the 
scheme B 'instructions do not require any additional cycles 
for their internal operations* onIy one step with a NODELAY 
statement is requiredo 

S30 -- Step 30 has only a conditional branch 
statement that describes whether the OP CODE stored in IR is 
for one of the instructions using the accumulator addressing 
mode or for one of the instructions utilizing the implied 
addressing mode- If it matches one of the former 
instructions* control branches to steps 21 and 54 for the 
next OP CODE fetch and its executional operations- If it 
matches one of the latter instructions* control branches to 
steps 21 and 49 for the same purpose- 

A flowchart for scheme B is indicated in Figure 8- 






Figure 8. Flowchart for Schemes B, C, and D 
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Scheme C 

The instructions involving the immediate or relative 
addressing mode are categorized into scheme Co The 
instructions using the immediate addressing mode do not 
require any additionai cycles like the scheme B 
instructions* though the i nstructi ons uti I i zi ng the relative 
addressing mode must have at least two additional cycles for 
branch and a page crossing« In addition to two steps* 
another step to check branch conditions will be essential to 
implement the internal operations of all branch 
instructions# Steps 31* 32* 33* and 34 in conjunction with 
scheme C will be discussed as follows? 

531 Step 31 is assigned to select the 
instructions using the immediate addressing mode from the 
scheme C instructions 0 Since this step should be a NODELAY 
step* only a conditional branch statement with the branch 
condition A IRC33 is described# If the OP CODE in XR is for 
one of the instructions utilizing the immediate addressing 
mode* control jumps to step 22 and 56 to fetch the next 

OP CODE and to operate its executional operations# 

Otherwise control continues to step 32 for the internal 
operation of a branch instruction# 

532 -- Step 32 is also a NODELAY step with one big 
conditional branch statement# Eight kinds of branch 
conditions are ORed and put together in the conditional 
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branch statements If no branch is to be taken* control 
jumps to step 22 where the next OP CODE fetch will be 
performed by using the address in INRo Otherwise control 
continues to step 33 to compute a branch addresso 

533 — The operations necessary for branch address 
calculation are described in step 33» How to calculate a 
branch address has been discussed in Chapter 3o If a page 
crossing is not necessary* control branches to step 24 in 
which the next OP CODE fetch will be doneo Othewise control 
continues to step 34 to increment or decrement the page 
number stored in INR[0?7] o The condition parameters of the 
condition to select a proper combi nat i on 'of the addressing 
registers are also prepared in step 33« 

534 — Step 34 defines the operations for the T3 
cycle of the internal operations of the branch instructions.) 
Since the internal operations of the branch instructions 
have been completed in this step* control branches 

unconditionalIy to step 24 for the execution of the next 
instruction.) No executionai operation is required* as 
mentioned in Chapter 3o 

Figure 8 shows a more apparent view of scheme Co 


Scheme D 

The scheme D instructions consist of the 
instructions using the absolute* absolute indexed* or 
indirect addressing mode 0 The number of additional cycles 



101 


the scheme D instructions use varies from one to five 0 
Thus;) at ieast five steps must be assigned to describe the 
internal operations of the scheme D i nstructions o Step 35 
through step 39 for scheme D will be discussed as follows? 

535 — The opeations for the T2 cycie of the 
internai operations of the scheme D instructions are defined 
in step 35o Since all of the scheme D instructions except 
the JMP instruction need the t3 cycle* control continues to 
step 36° In the case that the operations for. JMP have been 
performed in step 35* control branches to .step 23o No 
further operation is required for JMPo The efficient 
condition to select the OP CODE for JMP using the absolute 
addressing mode can be obtained by means of the K-map<> For 
the understanding of the operations descrbied in step 35* 
the reader shall refer to the internal operation sequences 
involving the absolute* absolute indexed* indirect 

add r essin g mode o 

536 •— Step 36 describes the operations for the T3 
cycle along with a conditional branch statement.. Most of 
the operations are* conditioned by appropriate condition 
parameters.. It will not so hard to understand each 
operation in step 36 if the reader uses the internal 
operation sequences in Appendix C and the K-map in Appendix 
Eo This is because that the conditional transfers* 
connections* and branch in step 36 have been described by 
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using those materials., 

Since the ST A* STX* and STY instructions using the 
absolute addressing mode terminate their internal operations 
in this step* control simply jumps to step 23 in the case of 
these instructionso In the case of the instructions such as 
ADC* AND* BIT* CMP* CPX* CPY* E OR* LDA* LDX* LDY* ORA* and 
SBC using the absolute addressing mode or the absolute 
indexed addressing mode without a page crossing* control 
branches to step 46o For the instructions such as ASL* DEC* 
INC* LSR* ROL* and ROR using the absolute addressing mode* 
control continues to step 37 and branches to step 54 for 
parallel operations.. For the other scheme D instructions 
that do not satisfy the branch conditions in step 36* 
control continues to the next step., The condition / 'C is 
used to indicate no page crossing., 

S37 — The operations for the T4 cycle are described 
in step 37o First* ST A* STX* and STY using the absolute 
indexed mode are checked by the conditional branch statement 
in the step 37„ If the first condition is satisfied* 
control branches to step 21 to execute the next OP CODE 
fetch cycle. No further operation is necessary. Control 
branches to step 46 for further operations for ADC* AND* 

CMP* EOR* IDA* LDX* LDY* ORA* and SBC utilizing the absolute 
indexed addressing mode with a page crossing. If the JMP 
instruction using the indirect addressing mode has been 
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performed* control jumps to step 23 for the next OP CODE 
fetch cycle« The JMP terminates its internal operation in 
this stepo For ASL* DEC* INC* LSR* ROL* and ROR using the 
absolute indexed mode* control must branch to step 54 for an 
executional part and continue to step 38 for an addressing 
parto Note that only ASL* DEC* INC* LSR* ROL* and ROR 
utilizing the absolute addressing mode do not satisfy the 
conditions in the conditional branch statemento The 
executional opeations for these instructions are performed 

in parallel in step 54 o 

«< 

538 Since the instructions that yet need 
additional cycles are ASL* DEC* INC* LSR* ROL* and ROR using 
the absolute or absolute indexed addressing mode* the 
operations defined in step 38 are for a write operation 
necessary for the these i n st ruct i ons <> The data to be 
written is prepared in step 54 for absolute indexed 
addressing or step 55 for absolute address!ng 0 Control 
jumps to step 21 for those instructions using the absolute 
addressing mode. Otherwise control continues to the next 
step for one more write operationo Since some of the scheme 
E instructions have the same operations in particular cycles 
as step 38 describes* this step will be used by those scheme 
E instruct a ons « 

539 Step 39 describes only the operations for the 
T6 cycle of the internal operations of the remaining scheme 



D instructions such as ASL* DEC* INC* LSR* ROL* and RDR 
using the absolute indexed addressing.. This step wild also 
be used for the internal! operations of some of the scheme E 
instructions like step 38o Only a write operation is 
performedo 

A flowchart for scheme D is provided in Figures 8 
and 9 for a quick unoerstandingo 

Scheme E 

The instructions using the zero page or zero page 
indexed addressing mode are classified into scheme Eo Since 
some of the scheme E instructions require four additional 
cycles to describe their internal operations* at least four 
steps will be essentiaJo However* only steps 40 and 41 are 
allocated for scheme E* because steps 38 and 39 for.scheme D 
can be used* as already statedo Steps 40 and 41 in 
association with scheme E will be developed as followss 

S40 *— Step 40 describes the operations for the T2 
cycle of the internal operations of the scheme E 
instructionso The conditional branch statements of step 40 
and 41 will become more compact than those of the steps 
associated with scheme D because the scheme E instructions 
do not need to take a page crossing into account.. Only the 
instructions using the zero page addressing mode are 
selected by the four conditions in the conditional branch 
statement of step 40 o The STA* STX* and STY instructions 





Figure 9. Flowchart for Schemes D and E 
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are determined by the first condition.. If the condition is 
satisfied* control branches to step 22 for the next DP CODE 
fetch cycle.. If the operations for one of the ADC* AND* 

BIT* CMP* CPX* CPY* EOR* LDA* LDX* LDY*. ORA* and SBC 
instructions has been performed in step 40* control jumps to 
step 46 for the rest of the internal operation.. The 
instructions such as ASL* DEC* INC* LSR* ROL* and ROR are 
determined by the third and fourth conditions for parallel 
operations.. In this case* control branches to step 54 and 
continues to step 41o 

S41 —■ The operations for the T3 cycle of the 
internal operations of the instructions using the zero page 
indexed addressing mode and ASL* DEC* INC* LSR* ROL* and ROR 
utilizing the zero page addressing mode are defined in step 
41o The other scheme E instructions do not require the T3 
cycle.. Thus* they have been eliminated in step 41o 

For STA* STX* and STY* control branches to step 21 
because their internal operations have been finished in step 
41o Control jumps to step 46 for ADC* AND* CMP* EOR* LDA* 
LDX* LDY* ORA* and SBC., Since ASL* DEC* INC* LSR* ROL* and 
ROR empolying the zero page indexed addressing mode must 
start their execution parts in the next cycle* these 
instructions are determined by the third and fourth 
conditions.. As the result* control branches to steps 38 and 
54o These instructions use the step 38 and 39 for the T4 
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and T5 cycles of their internal operations.. Step 41 
describes a write operation for ASL* DEC* INC* LSR* ROL* and 
RQR using the zero page addressing mode 0 These instructions 
are aiso determined by the fourth condition so that control 
can branch to step 38 for the last cycle of their internal 
operations.. The conditional branch statement of step 38 can 
also distinguish between zero page addressing and zero page 
indexed addressing without any modifications.. 

A flowchart for scheme E is indicated in Figure 9o 

Scheme F 

The last scheme* scheme F groups the instructions 
using the indexed indirect addressing mode and the 
instructions utilizing the indirect indexed addressing mode.. 
At least four steps will be required to implement the 
internal operations of all scheme F instructions because 
each of these instructions use either three or four cycles 
other than the TO and T1 cycles.. Step 42 through step 46 
will be briefly discussed in connection with scheme F. 

542 — Step 42 describes the operations necessary 
for the T2 cycle of the internal operations of all scheme .F 
instructionso No conditional branch is necessary since ail 
the internal operations require two,more cycles* namely the 
T3 and T4 cycles.. 

543 —* All ope,rations necessary for the T3 cycle are 
described in step 43» No conditional branch is required* as 
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in step 43 » 

544 ~ In addition to the operations for the T4 
cycle* step 44 has a conditional branch statement to 
determine ADC* AND* CMP* EOR* LDA* ORA* and SBC using the 
indirect indexed addressing mode without a page crossing,. 

If the operations for one of these instructions have been 
performed in step 44* control jumps to step 46 to complete 
its internal operations,. Ho addtionao cycle is necessary 
for those i nstr uc t i ons„ Control continues to step 45 for 
the other scheme F i nstr ucti ons „ 

545 Step 45 defines the operations for the T5 
cycle of the internal operaions of the remaining 

instructionso Since scheme F does not include the 
instructions such as ASL* DEC* INC* LSR* ROL* and ROR* only 
the simple condition that determines the STA instruction 
using the indexed indirect or indirect indexed addressing 
mode is inserted in the conditional branch statement of step 
45o If the operations for one of the instructions have been 
done* control simply branches to step 21 for the next 
OP CODE fetch cycle,, Otherwise control continues to step 
46o 

546 •=— Step 46 is a NODELAY step with an 
unconditional branch statements Control reached this step 
branches to unconditionally to step 21 and 56 where the next 
OP CODE fetch and executional operations will be performed* 
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respect ave ly 0 The instructions such as ADC; AND* BIT* CMP* 
CPX* CPY* EOR* LDA* LDX* LDYp ORA* and SBC use step 4 to The 
purpose of this step is to provide simple conditional branch 
statements of the steps in which control must branch to 
steps 21 and 56 in par^llelo This is because of avoiding 
writing a couple of lengthy conditions in each conditional 
branch statement instead of writing one conditiono There 
are four steps where control will branch to step 46o 

A flowchart for scheme F is shown in Figure 10o 

Executional Operations 

Most of the steps developed by now are largely 
related with the addressing parts of all internal 
operationso The execution parts of the internal operations 
must then be developed to complete the 6502 AHPL 
description 0 Step 47 through step 57 describes the 
operations necessary for the execution parts of all 
instructions and inputSo These steps will be discussed in 
brief as follows: 

S47 ~ Step 47 describes the executional operations 
for the T0C0VLP3 cycle of the internal operations of the 
PHA* PHP* PLA* and PLP i ns t r u ct i on s 0 Control reached this 
step comes from either step 25 or step .26 defined for scheme 
Ao The executional operations are synthesized in step 47 by 
means of conditional transfers and.' b r an ches o Since those 
instructions use the stack* SP must be refreshed for the 




Figure 10. Flowchart for Scheme F and Executional Operations 
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s t ack-r elated instruction to be executed nexto For this 
reason* control continues to the next step 0 

548 ~ The operations to transfer the contents of 
PCC8S153 into SP are described in step 48« This step is 
designed for a 1i scheme A instructions and inputs because 
they nave some operations with the stacko The single 
transfer operation to transfer the 'latest stack address 
stored in INR into PC has been defined in step 28 for the 
scheme A instructions and inputs except the instructions 
using step 47o After finishing the operations* control 
branches to step 57 to terminate itselfo Note that all 
executionai operations in step 47 through step 57 are 
performed in parallel while either the OP CODE fetch or the 
following data fetch is being executed.. 

549 The executionai operations for the T0E0VLP3 
cycle of the internal operations of the scheme B 
instructions using the implied addressing mode are defined 
in step 49 0 Main operations in this step are to refresh the 
P register and to execute an arithmetic operation.. Since 
the 8=>b i t resultant data in ALUREG must be transferred into 
one of the destination registers AC* Xp Yp and SPp control 
must be properiy branched to a step to describe operations 
to transfer data stored in ALUREG into a destination 
registers.. 

First* by the first condition f in the conditional 
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branch statement* the set/ciear instructions are determined,, 
In this case* control branches to step 57°. The instructions 
whose destination register is X are determined by the second 
condition.. If the condition is satisfied* control! branches 
to step 51o The instructions whose destination register is 
Y and the TXS instrucction are decided by the third and 
fourth conditions* respectivelyo Control branches to step 
52 for the former instructionso For the latter instruction* 
control jumps to step 53o The instructions not selected by 
these conditions are using AC as a destination register.. 
Control continues to the next step in this case.. Note that 
those transfer operations can not be put together in one 
step because the contents of IR will be changed by the 
OP CODE fetch cycle which is performed in parailelo In 
other words* the steps for data transfers can not use IR as 
a condition parameter. Since the NOP instruction has been 
removed at the stage of the instruction decoding* the 
conditions in step 49 are using a less number of condition 
par ameterSo 

550 ~ Step 50 describes the operations to transfer 
data from ALUREG into ACo 

551 Data stored in ALUREG is transfered into X by 

step 51o 

552 -- Step 52 moves data stored in ALUREG into the 


Y regsiter 
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553 — The operations to transfer data stored in 
ALUREG into SP are described in step 53o 

554 — Step 54 describes the executional opeartions 
fo? the instructions such as ASL? DECp INCp LSRp RQL? and 
RQRo Six types of logic operations are performedo All 
addressing modes used by these instructions except the 
accumulator addressing mode require the same operations in 
this stepo Thereforep only the accumulator addressing mode 
must be distinguished from the otiierso Instead of modifying 
data in memory? the instructions using the accumulator 
addressing mode modify the contents of ACo 

In the conditional branch statement? these 
instructions are determined by the condition A IRC53o If the 
condition is satisfied? control branches to step 50 where 
the resultant data stored in ALUREG will be transferred into 
ACo Otherwise control continues to the next stepo Step 50 
has already been developed for the executional operations 
for the scheme B instructions using the implied addressing 
mode o 

555 -— The resultant data stored in ALUREG which is 
to be stored in a memory space is placed on the IDBUS by the 
operation described in step 55o The other operations 
necessary for a write operation are performed in paralleio 
Control simply branches to step 57 because no more operation 
is r equired» 
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556 — Step 56 defines the executional operations 
such as arithmetic operations and set/clear operations for 
the P reg istero The instructions using step 56 for their 
executiona-l parts are ADC* AND* BITp CMPp CPXp CPYp EORp 

^ LDAp LDXp LDYp QRAp and SBC° One of the three destination 
registersp ACp Xp and Y must be seiected depending on the 
instruction currently performed by the processor o As 
mentioned oeforep no further distinction among these 
instructions can not be done because the contents of IR will 
be changed in the next cycieo 

By the first conditionp the instructions such as 
ADCp AN D p CMPp EORp LDAp ORAp and SBC are determined., These 
instruction are using AC as a destination register.. If the 
condition is truep control branches to step 50 for a data 
transfer into ACo The CPX and LDX instructions are selected 
by the second i ns tr uct i ons <, If it is satisfiedp control 
branches to step 51o The CPY and LDY instructions are 
determined by the third condition.. Control branches to step 
52 for these instructions., The instruction not chosen by 
the three conditions is BXTo The BIT does not require a 
transfer operation., In this case; controi continues to the 
iast step where controi will be terminated., 

557 -Step 57 is a DEADEND step which terminates 

controi arrived in the step., 

A flowchart for the executions! operations is 
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clearelydisplayeainFigureslOandllo 

End of Sequence 

By this points Step 1 through step 57 of a control 
sequence for the 6502 have been developedo However; in 
addition to these steps* several operations must be 
described after the end of the sequence to complete the 6502 
AHPL descriptiono The operations described after the end of 
the sequence are performed every cycle regardless of the 
position of controlo 

First* the RES and NMI inputs for which the 
processer must take action immediateiy are checked every 
cycleo If a negative going edge occurs on the RES input* 
the RESF control is seto This operation can also be 
implemented by placing RESF <= \1\ in step 1 in a control 
sequence to be run on the new compiIer c However* the 
operation is intention a!Iy placed after the end of the 
sequence in conjunction with a control sequence designed for 
simulation.. The control flip-flops* FF1 and FF2 are used to 
cope with the NMI input that is an edge sensitive inputo 
The NMIFF and NM used in steps 21* 22* 23* and 24 are set by 
the *FF2 6 A NMI conditions The overflow flag* PE13 is also 
set here by a negative going edge on the SoOo input during 
the phase 1 clock pulse.. 

Since the ADBUS is always connected with the IADBUS* 
the connection is defined here.. The OSC communication 
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Figure 11. Flowchart for Executional Operations 
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terminal implies the use of the output of a clock generator 
However* QSC is merely connected to the PHIO input because 
there 5 s no way to express analog circuits in AHPL® The 
communication terminal* CLOCK is cond i t i oned by PHI2 and 
ONE* which is in turn conditioned by the RDY inputo The 
CLOCK is used as a clock signal connected to the clock 
inputs of all control D flip-flops® 

Finally* the operation to transfer the resultant 
data from the ALU into ALUREG is. described according to one 
of the hypotheses which is assuming that ALUREG can not 
store data for more than one cycle. Since the decimal and 
carry flags are always connected to the PS argument* the 
connection is described here instead of writing the 
connection in those steps in which an arithmetic or logic 
operation will be performed.. 

Design of Combinational Logic Units 
As discussed in the section* Declarations* the ALU* 
INC* and DEC units are declared in the 6502 AHPL 
description® These CLU's must be individually designed to 
support the AHPL description® The syntax and semantics of 
the expressions used in designing a CLU are extensively 
described, in reference 7® The design of each will be 
explained in brief® 
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ALU 

The ALU declared in the AHPL description is a 
complicated combinational logic unit because it has as many 
as 11 Kinds of arithmetic and logic operationso The 
specification of the ALU has been shown in Table A and has 
been Giscusseb in Chapter 3o The ALU consists of a decimal 
adder named DADD and a binary adder named BADDo The DADD is 
useo for the arithmetic operations specified by operation 
codes 1 and 5» Decimal addition must be performed for the 
ADC and SBC instructions if the PSC03 s Oo The contents of 
argument 2 are complemented in the ALU for subtractiono 

To get the results of an arithmetic or logic 
operation* the ALU executes all arithmetic and logic 
operations prepared in the ALU with the same four argumentso 
However* the ALU outputs only the result of the operation 
specified by the current operation c ode 0 Descriptions of 
ALUN1T* ADDER* DECADDE.R* and FULLADDER necessary for 
implementing the ALU have been given in Appendix Go Since 
the design of ADDER and FULLADDER is simple enough* no 
explanation will be required* though an explanation for the 
design of DECADDER must be presentedo It has been left to 
the next chapter because a 6502 AHPL description developed 
for simulatioa describes operations to carry out decimal 
addition and subtractiono 
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INC 

The INC unit used in the AHPL description is 
desribed in the INCR unite The INCR description in Appendix 
G'wiil explain the function of INC preciseIy 0 

DEC 

The DEC unit has been described by the name of DECR» 
The only difference from INCR is the use of the complement 
of XCJ + ls-15 3 o A DECR description has also been shown in 
Appendix G« 



CHAPTER 5 

SIMULATION. 

A 6502 AHPL description has been completely 
developed by means of the internal operation sequences given 
in Appendices C and Do Now* it is ready to translate it 
into an SLA form for a VLSI impI ernetatfiono However? there 
is no evidence that the internal operations of the 6502 are 
correctly described in the AHPL des c r i p t o'on 0 

As stated in Chapter 1? compiler programs have been 
Introduced to assist designers in designing or developing 
digital systems. One of such programs called HPSIM2 has 
been implemented in order to debug the digital systems 
written in AHPL. It is a matter of course in the area of 
VLSI design that a circuit should be completely checked 
before the VLSI implementation of the circuit. According to 
this rule? the 6502 AH PL description should be verified by 
using the HPSIM? simulator. In this chapter* the HPSIM2 
simulator* modifications for simu I ation* and the results of 
the simulation will be briefly discussed. 

HPSIM2 

The 6502 AHPL description deveI oped through Chapter 
4 is to be run on the new multi-stage compiler for 
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translation into the form of an SLA 0 Before proceeding to 
the trans 1 at i onp the verification of the AHFL description by 
means of a simulator is expectedo Unfortunate5yp a 
simulator based on the new compiler was not avilable at the 
time of the development of the AHPL descriptiono The only 
simulator available was HPSIM2o 

The HPSXM2 can accept only the descriptions 
written in the exsisting AHPL but not the AHPL descriptions 
written in the universal AHPLo For examp Ie? HPSIM2 can not 
accept tailored CLU°s such as ALUp INCp and DEC described in 
Appendix Go The HPSXM2 has some standard CLU c s essential 
for the design of digital systems in itself instead* The 
procedures for preparing an AHPL description for HPSIM2 has 
been described in reference 6o 

Modifications for Simulation 

In order to make use of HPSXM2p the 6502 AHPL 
description must be changed into a description that HPSXM2 
can accepto As mentioned in the preceding sectionp HPSXM2 
can not accept tailoreo CLU'so The use of the standard 
CLU“s provided in HPSXM2 in place of the three CLU°s 
declared in the 6502 AHPL description is a major 
modific at i on o 

The Use of Five Adders for Arithmetic Operations *— 
Five adders are declared in a CLUNITS section to compens ate 
for all kinds of arithmetic operations prepared in the ALUo 
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The ADD 2* ADD 3* ADD 4* and ADD5 are used only for decimal 
addition and. subtraction» For subtraction* the contents of 
the argument to subtract are complemented outside an adder 0 
The ADD! is used for address calculation and 8=*b 51 binary 
aaaitlono The ADD1* ADD2* and ADD3 can adds the carry 
input* while ADD4 and ADD5 do not have the carry Inputo 
Several communication terminals are declared in an OUTPUTS 
section to cope with decimal addition and subtraction.. 

To operate decimal addition and subtraction* the low 
order 4 bits of data on the IDBUS and the low order 4 bits 
of data on the ARGBUS are added together with the carry 
input in ADD2» Then* the most significant bit of the 
resultant 5-bit data from ADD2 is connected to the CD1 
communication terminal and the other 4 bits are connected to 
the LOW communication terminalo For addition* if the 
resultant data is less than 10* the 4 bits connected to LOW 
are connected to the DEC0UTC5S8] communication terminal* and 
a binary zero is connected to CD2 to express that the carry 
output is Oo Otherwise* the 4 bits are added to CONST which 
has a value of 6 in ADD4o The 4 bits of the resulatant 
5-bit data from ADD4 exclusive of the most significant bit 
is connected to DEC0UTl5s8] o The most significant bit is 
merely discardedo Instead* a binary one is connected to CD2 
to indicate that the carry output is 1» 

For subtraction* if the resultant 5-bit data 
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connected to CD1 and LOW is greater than 1 6p the 5-bit data 
is directly connected to GD2 and DECOUTC5s83o Otherwise the 
4 bits connected to LOW is added to CONST which has a value 
of 10 in ADD4 0 The most significant bit connected to CD1 is 
connected to CD2o The lower 4 bits from ADD4 are connected 
to DEC0UTC5S8]o By one of the above operations* the values 
of CD2 and DEC0UT£5s83 are computeao The D£COUTC5§83 has 
now the low order 4 bits of the result of decimal 
■calculation. The CD2 is used as the carry input for the 
calculation of high order 4 bitso 

Once the low order 4 bits have been obtained* the 
high order 4 bits on the ARGBUS and the high order 4 bits on 
the IDBUS are added together with CD2 in ADD3o The 
resultant 5-bit data from ADD3 is connected to CD3 and UPo 
If the resultant cata as less than 10* the 4 bits connected 
to UP is connected to the DECOUTC1S43* and a binary zero is 
connected to DEC0UTE03 for decimal addition. Othewise the 
contents of UP is added to CONST = 6 in AQD5o A binary one 
is connected to DEC0UTC03* and the lower 4 bits of the 
resultant 5-bit data from ADD5 is connected to DEC0UTC1S43. 

For decimal subtraction* the resultant 5-bit data 
connected to CD3 and UP is directly connected to DECQUTCOS53 
if the resultant data is greater than 16o If not* the 4 
bits connected to UP is added to CONST * 10 in AD05* and 
then CD3 and- ADD5C1 s 43 are connected to DEC0UTC0S43. 8-^bit 
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decimal addition and subtraction are performed in this way<> 
The DECOUTEOS83 has now the result of decimal calculationo 
Those operations for decimal addition and subtraction can be 
seen in step 59 of the 6502 AHPL description attached in 
Appendix.H; which demonstrates an example of simuiationo 

• Description for Logic Operations — Since there as 
no standard CLU having a function such as AND* OR; exclusive 
OR* shift; or rotat ion; each function for a logic operation 
must be individually described in AHPL in the step concerned 
with the logic operationc Each logic operation will be 
selected by an appropriate conditiono 

Control of Data Transfers into ALUREG — To control 
data transfers into ALUREG; the control flip-flop; INH is 
declared in a control sequence aimed at simuiationo ■ The INH 
will inhibit the resultant data from ADD1 from being 
transferred into ALUREG when the data generated by an 
arithmetic or logic operation other than the arithmetic 
pperation using ADD1 must be stored into ALUREGo The 8-bit 
binary addition in ADD1 is performed every cycle since the 
operation is described after the end of the sequence 
according to one of the hypotheses discusssed in Chapter 3 0 
An internal pperation to require an arithmetic or 
logic operation other than the arithmetic operation-using 
ADD! must use. INHo . The INH is set in the cycle immediately 
before the cycle in which the arithmetic or logic operation 
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is performed* and INH is cleared as soon as the operation 
has been done® It is not expected to set INH as soon as an 
internal operation has been determined in the T1 cycle 
because the internal operation might use the 8-bit binary 
addition using ADD1 for its effective address calculation.) 

RES Condition Parameter — The HPSIM2 does not have 
the capability that the CONTRQLRESET(1) statement is 
activated by a designated input* unlike the new multi-stage 
compiler.. Thus* the condi t i ons in the branch statements of 
all non-NODELAY steps must be conditioned by the RES input 
so that control can branch i mmed i ate Iyto step 1 where the TO 
cycle of the internal operation of RES will be performed* 
when a negative going edge on the RES input line appears. 

Memory Modules — To describe memory modules after a 
6502 AH PL description used for simulation is not a direct 
modification of the 6502 AHPL description to be run on the 
new compiler.) It is less compl Seated to write OP CODE'S and 
data in memory modules than to place proper input data 
directly on input lines in order to simulate the executions 
of i nstructions o 

Four memory modules*. RAMI* RAM2* RAM3* and ROM have 
been described® The RAMI defines a 256 8-bit memory module 
placed in page 0® The 256 locations of RAMI are provided 
for the instructions using the .zero page or zero page 
indexed addressing mode® The RAM2 has the same memory 
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spaces as RAMI has* but is placed in page 1 to be used as 
the stacko 256 locations in page 2 are provided by RAM3 as 
program memoryo The 1024 8-bit read-only memory* ROM covers 
pages 252* 253* 254* 255 to store start ing addresses of 
interrupt routines.) The reader should remind that the 
vector locations FFFA* FFF6* FFFC* FFFD* FFFE* and FFFF are 
addressed by the internal operations of the RES* IRQ* and 
NMI inputs^ A mooified 6502 AHPL description has been given 
5 n Appendix Ho 


Resu I ts 

Once a description including the memory modules has. 
been completed* the internal operations of the 6502 will be 
verified by.using HPSIM2» OP CODE'S* program data* and 
input signals are assigned through an HPSIM communication 
section.. The internal operations of all instructions and 
inputs can be confirmed by defining them in several 
communication sectionso Although the instructions 
categorized into the same fundamental instructions such as 
the branch and transfer instructions have some common 
operations* it is desirable to check that all conditional 
transfers* connections* and braches for each internal 
operation are properly performed.. 

Since all internal operations have been verified* as 
the last step of simulation* an- application program should 
be run on the 6502 simulated by HPSIM2 in order to 
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demonstrate the completeness of the 6502 AHPL description 
developed for the simulation* An 8-bit multiplication 
program is selected for that purpose* For easy 
understanding of how the program is to multiply two 8^bit 
binary numbers* a flowchart of 8-bit multiplication is 
indicated in Figure 12* In addition* the 8-bit 
multiplication program to be run has been given in Figure 13 
in the assembly language form with enough comments in order 
to help to comprehend the meanings of the OP C0DE 8 s* program 
data* and input signals placed in the HPSIM communication 
section attached in Appendix H* These two figures are cited 
from reference 5* 

The program requires location 0200 through 0222 in 
hexadecimal* Since RAM3 is used for page 2* the program is 
actually written in M3<0S34> in the communication section* 

A mu I tipi icand and multiplier are stored in locations 0000 
and 0002* respectively* So* an FF for a multiplicand and an 
FF for a multiplier are written in M1<0> and Ml<2> of the 
RAMI module* Because the program is to be intiated by the 
RES input* location 0200 must be previously set in the 
vector locations* FFFC and FFFD* Therefore* a 02 and a 00 
are stored in M4<1021> and M4<1020> of the ROM module* 
respectively* 

As a result of the simulation* M1<3S4> has a 01FE in 
the list of the dump of the memories* The result is correct 
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because FF x FF - FEOlo It took 370 clocks to compute the 
programs The results of the simulation have been shown in 
Appendix Ho The reader should note that the control 
sequence used for the simulation does not have the same 
number of steps the AH PL description in Appendix F usess and 
that the instructions in the program are using only a few 
kinds of addressing modeso The AHPL description developed 
for an SLA reaIization is written more effectivelyo Some 
mistakes have been found since the last simulation listed in 
Appendix H was done 0 



CHAPTER 6 

SLA REALIZATION 

By now* a 6502 AHPL description to be run on the new 
compiler has been completed for an SLA realizationo 
Furthermore* the internal operations of the 6502 AHPL 
description have been verified on HPSIM2 by using a modified 
6502 AHPL description developed for simulation.) The 
remainder of the project is to translate from the 6502 AHPL 
description into a VLSI implementation in the form of an 
SLA 0 

However* only fundamental prerequisites for an SLA 
realization will be discussed here in order to prepare for 
the translation.) In fact* the translation will not be done 
through this papero Chapter 6 will present a brief 
introduction to an SLA* an overview of an algorithm for an 
SLA realization* and the discussion on expected outputs of 
the SLA rea i izationo 

Introduction to a Storage Logic Array 

A storage logic array (SLA) described in. reference 2 
was invented from the concept of a programmable logic array 
(PLA) clearly mentioned in reference 8 0 The SLA is composed 
of flip-flops and the PLA portion that contains an AND array 
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ana an OR array to produce multiple Boolean outputs from its 
inputs.. In- addition to the use of flip-flops* the SLA 
differs from the PLA in that the AND .array and OR array are 
folded togethero For this characteristic* the rows of the 
array can be further divided onto multiple independent 
segments* and more fIip-fI ops can be added in each segment.. 
The columns of the array can also be subdivided by extending 
these concepts* so that more flip-flops can be placed along 
the columns of the arrayo The concepts of row segmentation 
and column segmentation as well as the use of flip-flops for 
local feedback adopted in the SLA will improve array 
utilization efficiency.. 

Since the primary aim of the use of the SLA is to 
provide the direct translation from AHPL descriptions into 
VLSI implementations by a computer* it is more desirable to 
use clocked D flip-flops as the storage elements than to 
employ RS flip-flops in the original SLA» D flip-flops are 
usually used for the hardware realizations of AHPL 
descriptions.. The clocked SLA including clocked D 
flip-flops must connect three additional column wires* that 
is* clock* +5 volts* and ground to each clocked D flip-flopo 
By these connections* a clock signal need not be programmed 
explicitly in the clocked. SLA uni ike the original SLAo A 
pictorial representation of the clocked SLA is shown in 
Figure 14 for the easy of understandingo 
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It is apparent that the detaiJed transistor 
representation for the PLA portion of the SLA will not be 
essentia! to express connections between rows and columnso 
To accomplish a concise iI 1 ustration? symbolic SLA format 
has been introducedo The reader should refer to reference 9 
for further information regarding the clocked SLA and 
symbolic SLA format* because the clocked SLA will be 
utilized exclusively for VLSI implementations of the digital 
systems described in the universal 1 AHPLo 

Algorithm for an SLA Realization 

In this section* an algorithm for translating an 
AHPL description into an SLA layout will be briefly 
described in order to give the reader the background for 
further discussion of translation procedures.) The reader is 
expected to refer to reference 10* which describes the 
algorithm in detail* before proceeding to actual 
transI ationo 

As already stated* the new compiler consists of 
multiple stageso A compiler to be used for an SLA 
realization will have three stageso These stages will be 
explained in connection with the algorithm for an SLA 
realization.^ Stage 1 and stage 2 of the new mu! t i-T-stage 
compiler are implemented for general purpose., Naturally* 
the compiler capable of translating an AHPL description into 
an SLA layout will take advantage of these two stages» The 
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only task necessary for implementing the compiler is to 
define a method of the translationp that isp to create- a 
stage 3 al gor i thm# 

As the first stepp stage 1 checks the syntax of all 
expressions defined in an AHPL description# As a resultp 
stage 1 generates appropriate executable tables# From the 
executable tablesp stage 2 will produce segment information 
such as a segment table and a segment information table# 
Firstp stage 2 finds segments in a descriptionp and then 
determines the types of the segments# There are 10 types of 
segments regulated in the algorithmp what is calledp stage 3 
row ordering algorithm# Only one segment table that may 
contain several modules will be produced# The definitions 
of the 10 types of segments should be referred to in 
refer ence ,10# A segment table consists of only three 
columns that include segment-Hd numbersp segmentsp and the 
types of the segments# 

As the next stepp stage 2 produces a segment 
information table by adding source and contro I 5nfor mat ion 
to each segment# Depending on the type of a segmentp 
sources of the segmentp the control (logic to control the 
sources; and clock condition are included in the segment 
information table# In the case of CLU segmentsp the bit by 
oit logic is also placed in the table# Those tables are 
directly avilable from segmnet-oriented stage 2# 
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Following the processes of stage 2? stage 3 must 
taKe care of the rest of the translation tasko Stage 3 is 
divided into stage 3A and stage 3B -aimed at segment 
processing and bit by bit logic generation? respectively., 
From the segment information produced through stage 2? stage 
3A can now generate connect!vity information for the 
segments identified in the segment table., First? stage 3A 
produces a source/destination t'able that contains a source 
list and a destination list of each segment. New segments 
will be appended in the source/destination table as the 
processes of stage 3A proceeao The main processes on the 
table are to find horizontal segments that can be connected 
by vertical segments without using any adoitional columns? 
to produce all necessary vertical segments to connect 
horizontal segments? and to create ail necessary horizontal 
segments to connect vertical segments. The categorization 
of segment is explained in reference 10o 

After those processes? adoitional segments may be 
added at the end of the original source/destination table if 
some horizontal segments require vertical segments for 
connecting them or some vertical segments need horizontal 
segments for connecting them. Three types of such segments 
are defined to distinguish between original segments and 
added segments. The manner to find connections of 
horizontal segments and vertical segments that result in the 
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use of the least number of additional segments has been 
discussed in reference 10o As a result of those processes; 
an extended source/destination table that includes 
connectivity information is completed.) 

Stage 3A continues to produce adjacency information 
such as an adjacency table., The adjacency information can 
be obtained from the .connect i v 5 ty information generated at 
the previous step., First* a connection table that describes 
all the segment connections together with the connections of 
a superficial horizontal segment used for outside world 
communication is produced to help the efficient merging of 
vertical segments. 

By using the connection table* partitions on 
vertical segments will be performed.. Once the partition 
with the fewest classes of vertical segments has been found* 
a specific ordering of horizontal segments must be examined., 
Several relation tables for that partition may be checked to 
find a valid relation.. As the final step of stage 3A* the 
adjacency information in the form of the adjacency array 
table that specifies the merging of vertical segments* 
ordering of horizontal segments* and connections of the 
vertical and horizontal segments is produced., The ordering 
of the horizontal segments can be obtained from a valid 
relation table., Detailed information about the merging and 
ordering techniques is also described in reference 10 0 
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Finally* stage 3B determines the positions of each 
bit of segments in the extended source/destination table 0 
The method of assigning bit positions of specifies a final 
SLA layout., An output flow of SLA translation is indicated 

'o'.' 

in Figure 15 for the easy of under standing 0 

Expected Outputs of SLA TransI ation 
It should be obvious that several outputs must be 
produced through SLA translation; since an overview of the 
algorithm for an SLA reaIization has already been presented 
in the preceding section» The first output of the SLA 
translation will be a segment table* and the next output is 
a segment information table., These two tables are produced 
tnrough stage 2o As the reader has already noticed* the 
6502 AHPL description in Appendix F is so big that it will 
be laborious to produce these tables manually., It is hoped 
that manual translation can be started with an original 
s our ce/ des 15 na t i on table.. This will be justified by the 
fact that on Iy■mechanicaI act will be required to produce 
the segment table* segment i nf or mat 5 on tab I e* and original 
.sour ce/des t i n at i on -t ab I e o ' 

Anyway* these tables are essential outputs for later 
processes of the SLA translation.. Once the original source/ 
destination table has been obtained* additional vertical 
segments and horizontal segments must be determined 
intellectually according to the rule described in reference 
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1Q* and then added to the source/destination table to 
constitute an extended source/dest5nation tab!e» The 
results of this task will I be fedback to the design of the 
algorithm in order to realize an SLA with higher densityo 
Like the extended source/dest i nat i on table* an 
adjacency array is another important output of the SLA 
translatio.no It will also affect the design of the 
algorithm cons i de ra'b I y 0 The next task to assign bit 
positions of each segment will be performed mechanically* as 
mentioned in reference 10o Finally* the last output* an SLA 
layout will be produced by utilizing the adjacency array 
table and bit positions ass i gned in the connectivity listo 



CHAPTER 7 


DISCUSSION AND. CONCLUSION 

Through this paper* . analysis of the internal 
operations of the 6502 microprocessor* the development of an 
6502 AHPL description* and the verification of the 
description have been discussed with emphasis* while 
translation from the 6502 AHPL description into a VLSI 
implementation in the form of an SLA has been described in 
briefo Thus* it is natural that the.discussi on in this 
chapter will be centered on the first three tasks. 

With respect to the 6502 internal architecture 
adopted for internal operations analysis* some problems have 
occurredo Two of them deserve to be discussed here 0 

First* TR has been provided in the internal 
architecture to store data temporarily* though the actual 
hardware of the 6502 uses ALUREG as a temporary registero 
In fact* the internal operations of all instructions and 
inputs were analyzed in accordance with the actual hardware* 
provided that the ARGBUS and IDBUS can be flexiably 
connected to either argument 1 or argument 2» However* it 
was proved that additional buses to interchange those two 
buses would be necessary* after the first version of 
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internal! operation sequeces had been compietedo Sop the 
internal operation sequences were examinedp provided that 
the ARGBUS must always be connected to argument 1 and the 
IDBUS must always be connected to argument 2o As a resultp 
unavoidable conflict had been found in the internal 
operation sequences of the JSR and some other instructions« 
The only way in which the conflict can be solved was to use 
TR in lieu of ALUREGo This is why TR has been provided in 
the internal architecture. 

Secondp Tn.-the load instructionp data to be stored 
is routed to the ALU before stored in a destination 
register o It is possible that the P register could be 
refreshed when the data is on the IDBUSp so that no routing 
to the ALU will be necessary. This modif5 cation requires 
small additional hardware. Howeverp it is author°s design 
policy that the uniformity of the operations as long as the 
internal operations meet the specification of the 6502. 

As for the 6502 AHPL description developed through 
this paperp some discussion should be given before 
conclusion. The AHPL description has been written in the 
manner that as large block of operations as possible should 
be placed in a single step. 

Steps 21p 22p 23p and 24 describing the DP CODE 
fetch cycle may be put together in a single step. In the 
course of the development of the AHPL descriptionp no 
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relation Detween the addressing registers and the 
instructions was able to be seen« After several 
modifications of the internal operation sequences; the 
addressing registers used in the T0C0VLP3 cycle of the 
sequences were finally determined; as indicated in Table 3» 
In fact; the use of PC as an addressing register had been 
intentionally considered in each sequence,, Now; some 
relations will be derived so that all combinations of the 
addressing registers can be selected by sufficiently short 
conditions in a single stepo 

Since the 6502 AHPL description has been developed 
by synthesizing operations described in the internal 
operation’ sequences; it tends to have unnecessary 
conditional transfers and connections for operations which 
require simple unconditional transfers and connect ionso 
This can be reduced by a comprehensive trace of the internal 
operations described in the AHPL descriptiono 

the. actual hardware of the 6502 also uses a timing 
controller to control all operations that take place on one 
of the TO; Tl; T2; T3; T4; T5; and T6 cycleso In the AHPL 
description; the use of the timing controller implies that 
all operations to be performed in one of those cycles must 
be described within one step 0 As stated in Chapter 4; at 
will cause the step to have lengthy conditions of 
conditional operat ions. 



In conclusion* it is apparent that at ieast 147 D 
flip-flops will by required in an SLA* though the 6502 AHPL 
des cr i p t i on h as not yet been translated into an SLA Iayouto 
The SLA layout will have to take a clock generator not 
described in the AHPL description into condiderat 5 on. A 
completely verified 6502 AHPL description with a moderate 
number of steps has been developed* and a study of 
translation procedures has been done as part of the SLA 
compilation projecto 



APPENDIX A 


6502 INSTRUCTION SET SUMMARY 
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Instructions 
Mnemonic Oper ation 


A ♦ M ♦ C -> A 
11 ) 




Addressing 

Mode 


IMMtDIATE 
ABSOLUTE 
ZERO PAGE 
(I ND» X) 

(I ND )» Y 
ZtRO PAGE>X 
A B S > X 
ABS.Y 


IMMEDIATE 
ABSOLUTE 
ZERO PAGE 
(IND,X) 
(IND)>Y 
ZERO PAGE » X 
ABS,X 
A B S> Y 


ABSOLUTE 
ZERO PAGE 
ACCUM. 

ZERO PAGE»X 
AB S» X 


BCC 

Branch 

on 

C«0 

(2 ) 

i3CS 

Branch 

on 

C*1 

(2 ) 

BEQ 

Branch 

on 

Z«1 

(2 ) 

BIT 

A £ 

M 



BMI 

Branch 

on 

N* 1 

(2 ) 

8NE 

Branch 

on 

Z« 0 

(2 ) 

BPL 

Branch 

on 

N * 0 

(2) 

BRK 

B r e ak 




BVC Branch on V«0 (2) 


































































Instructions 
Mnemonic Operation 


Addressing 

Mode 


BVS Brancn on V»1 (2 ) 

RELATIVE 

CLC 0 -> C 

IMPLIED 

CLD 0 -> D 

IMPLIED 

CLI 0 -> I 

IMPLIED 

CLV 0 -> V 

IMPLIED 

CMP 

A - M 

(1) 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 
(IND# X) 
(IND1#Y 

ZERO P AGEf X 
ABSf X 

ABSf Y 

CPX 

X - M 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

CPY 

Y - M 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

DEC 

M - 1 -> M 

ABSOLUTE 

ZERO PAGE 
ZERO PAGE»X 
ABS» X 


DEX 


IMPLIED 

IMPLIED 

























































Instruct!ons 
Mnemonic Uperation 


Addressing 

Mode 




EOR 

A 3 M -> A 
(1 ) 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 
( IND, X) 

(IND ),Y 

ZERO PA G E » X 

A B S » X 

ABS, Y 

INC 

M + 1 -> M 

ABSOLUTE 

ZERO PAGE 
ZERD P AGE > X 

A B S > X 

1NX X ♦ 1 -> X 

IMPLIED 

INY Y ♦ 1 -> Y 

IMPLIED 

JMP Jump to new 1oc. 

absolute 

INDIRECT 

JSR Jump subr. 

ABSOLUTE 

LOA 

M -> A 

(1 ) 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 
(IND,X) 

(IND) , Y 

ZERO PA GE » X 

A B S , X 

ABS, Y 

LDX 

M -> X 

(1 ) 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

ABS » Y 

ZERO PA GE » Y 



00 












































Instructions 
Mnemonic Operation 

Addressing 

Mode 

OP 

N 

n 

Cond i ti on Codes 

N V B D I Z C 



■■■■■ 

■MM 




LDY 



IMMEDIATE 

AO 

g 

2 

N 

• 

• 

• 

• 

Z 




ABSOLUTE 

AC 

flfl 

3 









M -> 

Y 

ZERO PAGE 

A4 

ns 

2 










(1) 

ZERO P A GE # X 

B4 

flfl 

2 











ABS# X 

BC 

Bfl 

3 








L SR 



ABSOLUTE 

4E 

6 

3 

0 

• 

* 

• 

• 

Z 

c 




ZERO PAGE 

46 

5 

2 








0 - 

>r 

C"|-> c 

ACCUM. 

4 A 

2 

1 









ZERO PAGE#X 

56 

6 

2 











ABS # X 

5 E 

7 

3 








NOP 

No Op er ation 

IMPLIED 

EA 

2 

a 

• 

• 

• 

• 

• 

• 

• 

ORA 



IMMEDIATE 

09 

H 

2 

N 

• 

• 

« 

• 

T" 

• 




ABSOLUTE 

OD 

Bfl 

3 











ZERO PAGE 

05 

Bfl 

2 









A V 

M -> A 

( IND# X 1 

01 


2 










(I ) 

(IND )# Y 

11 

Wm 

2 











ZERO PA GE # X 

15 

mm 

2 











A B S# X 

ID 

Bfl 

3 











ABS# Y 

19 

Bfl 

3 








PHA 

A -> Ms 


IMPLIED 

48 

3 

a 

• 

• 

* 

• 

• 

• 

• 

PHP 

P -> Ms 

SP-l -> SP 

IMPLIED 

08 

3 

a 

• 

• 

• 

• 

• 

• 

• 

PLA 

SP+1 -> 

SP Ms -> A 

IMPLIED 

68 

n 


IT 

• 

• 

• 

• 

"T" 


PL P 

SP+1 -> 

SP Ms -> P 

IMPLIED 

28 

a 

ra 

(Restored) | 

ROL 



ABSOLUTE 

2E 

6 

3 

N 

• 

• 

• 

• 

Z 

c 




ZERO PAGE 

26 

5 

2 










“1 

ACCUM. 

2 A 

2 

1 








L <- 

1' 


ZERO PAGE# X 
ABS# X 

36 

3E 

6 

7 

2 

3 






~ 


ROK 



ABSOLUTE 

6E 

6 

3 


• 

• 

« 

• 


T 




ZERO PAGE 

66 

5 

2 










.. i 

ACCUM* 

6A 

2 

1 








[Ujglfl 

n-> j 

ZERO PAGE > X 

AB S # X 

76 

7E 

6 

7 

2 

3 









4 * 

vo 















































Instructions 
Mnemonic Operation 


Ador essing 
Mode 


■ ■ 


RTI Return from intr. 

IMPLIED 

RTS Return from subr. 

IMPLIED 

SBC 

A - M - C -> A 
(1 ) 

IMMEDIATE 

ABSOLUTE 

ZERO PAGE 
( IND,X) 

( I N D ) j Y 

ZERO PAGE* X 

A B S * X 

ABS » Y 

SEC 1 -> C 

IMPLIED 

SED 1 -> D 

IMPLIED 

SEA 1 -> I 

IMPLIED 

STA 

A -> M 

ABSOLUTE 

ZERO PAGE 
( IND* X ) 

{ IND) , Y 

ZERO P AGE > X 

A B S * X 

A 8 S * Y 

SIX 

X -> M 

ABSOLUTE 

ZERO PAGE 
ZERO PAGE* Y 

srr 

Y -> M 

ABSOLUTE 

ZERO PAGE 
ZERO P AGE * X 

TAX A -> X 

IMPLIED 

TAY A -> Y 

IMPLIED 

iBHOsn 

IMPLIED 

| T X A X -> A 

IMPLIED 
























































Instructions 

Addressing 



■■ 

Condition Codes 

Mnemonic Operation 

M ode 

OP 

N 

n 

N V B D I l C 


ummBBmm 

IMPLIED 

9A 

2 

m 


| TY A Y -> A 

IMPLIED 

: 98 

2 

n 

QBBBBDB 


(1) : Add 1 to "N” if page boundary is crossed. 

(2) : Add 1 to ”N" if branch occurs to same page. 

Add 2 to "N" if branch occurs to different page. 

(3) > Carry Not * Borrow. 

Xi Index X Y: Index Y A: Accumulator SPi Stack Pointer 
Mt Memory per effective address Ms: Memory per stack pointer 
+: Add -i Subtract £: ANO V: OR 2: Exclusive OR 
M7: Memory bit 7 M6: Memory bit 6 Ni No.Cycles #: No.Bytes 


















APPENDIX B 

SUMMARY QF CYCLE BY CYCLE OPERATION OF INSTRUCTIONS 
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Address Modes 

C y c 1 es 

Cycle 

SYNC 

& Instructions 

# 

* 

Line 


I mine a i a t e 



Afaso Iute 



PC 

mm 

□P CODE 

PC + 1 


ADL 

PC ♦ 2 


ADH 

ADH,ADL 

El 

□ P CODE (Next) 


PC 

H 

OP CODE 

PC + 1 

w 

ADL 

PC + 2 

fern- 

ADH 

ADH , ADL 

wm 

Data 

PC * 3 

■■ 

OP CODE(Next i 

PC 

i 

OP CODE 

PC +1 

i 

ADL 

PC ♦ 2 

i 

ADH 

ADH,ADL 

0 

Data 

PC + 3 

1 

OP CODE(Next) 

PC 


OP CODE 

PC + 1 


ADL 

PC + 2 


ADH 

ADH,ADL 


Data 

ADH,ADL 

0 

Data 

ADH,ADL 


Modified Data 

PC ♦ 3 


OP CODE(Next) 





































Address Modes 

Cycles 

BHD 

SYNC 

Address 

Bus 

ES9 

Data Bus 

& Instructions 

# 

In 

Line 



um 



Absolute — Continued 



ADC 

C PX 

AND 

CPY 

BIT 

E OR 

CMP 

LDA 


1 

PC 

0 

PC ♦ 1 

0 

01* SP 

0 

01* SP 

0 

01*SP - 1 

0 

PC ♦ 2 

1 

ADH* ADL 




OP CODE 
ADL 

Da t a(Discar ded) 
PCH( PC ♦ 2 ) 

PC L(PC ♦ 2) 

ADH 

OP CODE(Next) 


1 

PC 

1 

OP CODE 

0 

PC + 1 

1 

ADL 

0 

00* ADL 

1 

Data 

1 

PC ♦ 2 

1 

OP CODE(Next) 

1 

PC 

1 

OP CODE 

0 

PC + 1 

1 

ADL 

0 

00* ADL 

0 

Data 

l 

PC ♦ 2 

1 

OP C ODE(Next) 

1 

PC 

1 

OP CODE 

0 

PC + 1 

1 

ADL 

0 

00* ADL 

1 

Data 

0 

00,ADL 

0 

Data 

0 

00*ADL 

0 

Modified Data 

1 

PC + 2 

1 

OP CODE(Next) 


AccumuIator 


ASL 


TO 

1 

PC 

1 

OP CODE 

L SR 

2 

T1 

0 

PC + 1 

1 

OP CODE(Discarded) 

RQL 

ROR 


TO 

I 

PC ♦ 1 

1 

OP CODE(Next) 







































Address Modes CycIesICycIeISYNC 
& Instructions # I # iLine 


■ ■ ■ i 

ImpI i ed 



OOO*-* I HOOH I HOH 


Address Bus 


Data Bus 


PC 

PC ♦ 1 

PC ♦ 1 

1 

1 

1 

OP CODE 

OP CODE(Discarded) 
OP CODE(Next) 

PC 

1 

OP CODE 

PC ♦ 1 

1 

OP CODE(Discarded) 

01, SP 

0 

Data 

PC ♦ 1 

1 

OP CODE(Next) 

PC 

n 

OP CODE 

PC ♦ 1 

N 

OP CODE(Discarded) 

01, SP 

U 

D a t a(Discarded) 

01,SP + 1 

mm 

Data 

PC + 1 

■9 

OP CODE(Ne xt) 

PC 

mm 

OP CODE 

PC ♦ 1 

n 

OP CODE(Discarded) 

Oi,SP 

KI 

Data(Discarded) 

01,SP + 1 


-ata(P) 

01,SP ♦ 2 

mm 

Data! PCL) 

01,SP ♦ 3 

mm 

Data* PCH) 

PCH,PC L 

Hi 

OP CODE(Next) 

PC 

n 

OP CODE 

PC + 1 

Hi 

Data(Discarded) 

01,SP 

mm 

Data(Discarded) 

01,SP + 1 


PCI 

01,SP + 2 

mm 

PCH 

PCH,PC l 


Data(Discarded) 

PCH,PCI ♦ 1 

Hi 

OP CODE(Next) 
































Address Modes 

L Instructions 

C y c 1 es 

1 

Cycle 

# 

SYNC 

Line 

Address Bus 

HU 

Data Bus 

Implied — C on t 

nued 







BRK 


TO 

1 

PC 

n 

DP CODE 



T1 

0 

PC ♦ 1 


Data(Discar ded) 



T 2 

0 

01# SP 

is 

PC H ( P C + 2 ) 


7 

T 3 

0 

01,SP - 1 

0 

PC L < PC + 2 ) 



T 4 

0 

01,SP - 2 


P 



T 5 

0 

FFFE 


ADL 



T 6 

0 

FFFF 


ADH 



TO 

1 

ADH,ADL 


OP CODE(Next) 


Indexed Indirect 


AOC 

AND 

CMP 

EOR 

LD A 

ORA 

SBC 

6 

1 

1 

0 

0 

0 

0 

0 

1 

PC 

PC ♦ 1 

00,BAL 

00,BAL ♦ X 
00,BAL+X+1 
ADH,ADL 

PC + 2 

| 

OP CODE 

BAL 

Data(Discarded) 

ADL 

ADH 

Data 

OP CODE(Next) 

STA 


mm 

I 

PC 

■ 

OP CODE 



BfH 

0 

PC ♦ 1 

■ 

BAL 



pis 

0 

00,BAL 


Data(Discarded) 


6 

HI 

0 

00,BAL + X 


ADL 



IfS 

0 

00,BAL+X+1 

S 

ADH 




0 

ADH,ADL 

sfl 

Data 



TO 

I 

PC + 2 

1 

OP CODE(Next) 


Indirect Indexed 


ADC SBC 


mm 

i 

PC 

n 

OP CODE 

AND 


US 

0 

PC ♦ 1 

II 

IAL 

CMP 

5 

BI9 

0 

CO, IAL 


BAL 

EOR 


B9 

0 

00, IAL ♦ 1 

IS 

BAH 

LDA 


111 

0 

BAH,BAL ♦ Y 

IS 

Data 

ORA 


mm 

I 

PC + 2 

KB 

OP CODE(Next) 




























Address Modes 
& Instructions 

C y c 1 es 

# 

Cycle 

# 

SYNC 

Line 

Address Bus 

m 

Data Bus 

Indirect Indexe< 

3 — Co f 

it i nu e 

3 





ADC 

AND 

CMP 

EUR 

LDA 

QKA 

sac 

6* 

1 

i 

PC 

PC ♦ 1 

00,IAL 

GO , IAL ♦ 1 

B AH,B AL ♦ Y 
BAH+1, BAL4-Y 
PC ♦ 2 

H 

CP CODE 

IAL 

BAL 

BAH 

Data(Discarded) 

Data 

OP CODE(Next) 

STA 


BUS 

i 

PC 

mm 

OP CODE 



Kill 

0 

PC ♦ 1 


IAL 



BIS 

0 

00, IAL 

m 

BAL 


6 

■n 

0 

00, IAL ♦ 1 


BAH 



Kg 

0 

BAH,BAL ♦ Y 


Data(Discarded) 



ITI 

0 

BAH+C,BAL*Y 


Data 



mm 

1 

PC *2 

wM 

OP CODE(Next) 


Zero Page Indexed; X 


ADC LDY 

AND ORA 

CMP SBC 

EUR 

LDA 

4 

n 

1 

0 

0 

0 

1 

PC 

PC + 1 

00,BAL 

00,BAL ♦ X 

PC ♦ 2 

■ 

OP CODE 

BAL 

Data(Discarded) 

Data 

OP CODE(Next) 

STA 

■ V7 

mm 

1 

PC 


OP CODE 

STY 


in 

0 

PC ♦ 1 


BAL 


mi/ 

l« 

0 

00,BAL 


Data(Discarded) 



|g 

0 

00,BAL ♦ X 


Data 


liiill 

mm 

1 

PC ♦ 2 

1 

OP CODE(Next) 

ASL 


TO 

1 

PC 

mm 

OP CODE 

DEC 


T1 

0 

PC ♦ 1 

SI 

BAL 

INC 


T 2 

0 

00,BAL 

SI 

Data(DIscarded) 

L SR 

6 

T 3 

0 

00,BAL + X 

SI 

Data 

RQL 


T4 

0 

00,BAL ♦ X 

SI 

Data 

RQR 


T5 

0 

00,BAL ♦ X 

n 

Mod i f led Data 



TO 

1 

PC ♦ 2 

u 

OP CODE(Next ) 

























Address Modes 

C Instructions 

Cycles 

* 

Cycle 

# 

SYNC 

Line 

Address Bus 

B 

Data Bus 

Zero Page Index' 

ed, r 







LDX 


H 

i 

0 

0 

0 

1 

PC 

PC + 1 

00* BAL 

00* BAL ♦ Y 

PC ♦ 2 

H 

OP CODE 

BAL 

Data!Dis car ded) 

Data 

OP CODE(Next) 

STX 

■ ■ 

wnm 

I 

PC 

i 

OP CODE 



m m 

0 

PC ♦ 1 

i 

BAL 



m m 

0 

00,BAL 

i 

Data(Discarded) 



■ 9 

0 

00,BAL ♦ Y 

0 

Data 


■ 

K&fl 

1 

PC ♦ 2 

1 

OP CODE(Next) 


Indirect 


JMP 


Eg 

i 

PC 

m 

OP CODE 


EfS 

0 

PC ♦ 1 

H 

IAL 


5 

Bf9 

0 

PC ♦ 2 

BB 

I AH 




0 

I AH, IAL 

BB 

ADL 




0 

I A H,IAL ♦ 1 

BB 

ADH 



B29 

1 

ADH,ADL 

BB 

OP CODE(Next ) 


Absolute Indexed* X 


ADC LDY 

AND ORA 

CMP SBC 

EQR 

LOA 

A 

TO 

TI 

T 2 

T3 

TO 

I 

0 

0 

0 

1 

PC 

PC ♦ 1 

PC + 2 

BAH,BAL + X 
PC + 3 

H 

OP CODE 

BAL 

BAH 

Data 

OP CODE(Next) 

ADC GRA 


TO 

I 

PC 

i 

OP CODE 

AND SBC 


Tl 

0 

PC *1 

i 

BAL 

CMP 

5* 

T 2 

0 

PC ♦ 2 

i 

BAH 

EGR 


T 3 

0 

BAH,BAL ♦ X 

i 

Data(Discarded) 

LD A 


T A 

0 

BAH+1,BAL*X 

i 

Data 

LDY 


TO 

1 

PC ♦ 3 

i 

OP CODE(Next) 


cn 

co 






















Address Modes 

C instructions 

Cyc 1 es 
# 

Cycle 

* 

SYNC 

Line 

Address Bus 

R/W 

Line 

Data Bus 

Absolute Indexe< 

u x — 

Cont ir 

iu ed 





STA 

5 

TO 

T1 

T 2 

T3 

T<» 

TO 

1 

0 

0 

0 

0 

1 

PC 

PC ♦ 1 

PC ♦ 2 

B AH# B AL + X 
BAH+-C# BAL + X 
PC ♦ 3 

| 

OP CODE 

BAL 

BAH 

Data(Discarded) 

Data 

□P CODE(Next) 

ASL 


TO 

1 

PC 

IP 

OP CODE 

DEC 


T1 

0 

PC ♦ 1 

mjm 

BAL 

INC 


T 2 

0 

PC ♦ 2 

H 

BAH 

L SR 

7 

T 3 

0 

BA H>B AL ♦ X 

M*m 

Data!Discarded) 

ROL 


T 4 

0 

BAH+C#BAL+X 


Data 

RQR 


T5 

0 

BAH+C#6AL+X 

is 

Data 



T 6 

0 

BAH+C # BAL + X 


Modified Data 



TO 

1 

PC ♦ 3 

mm 

OP CODE(Next) 


AbsoIute Indexed# Y 


ADC LDX 

AND ORA 

CMP SBC 

EOR 

LDA 


■ 

1 

0 

0 

0 

1 

PC 

PC ♦ 1 

PC ♦ 2 

B AH# B AL ♦ Y 
PC + 3 

| 

OP CODE 

BAL 

BAH 

Data 

OP CODE(Next) 

ADC ORA 


TO 

1 

PC 


OP CODE 

AND SBC 


Ti 

0 

PC + 1 


BAL 

CMP 

5* 

T 2 

0 

PC + 2 


BAH 

EOR 


T 3 

0 

BAH#BAl + Y 

«■{ 

D at a(Dis car ded ) 

LDA 


T*» 

0 

8AH+1,9AL + Y 

W 

Data 

LDX 


TO 

1 

PC + 3 

M 

OP CODE(Next) 

STA 


mm 

1 

PC 

■ I 

OP CODE 



Hi* 

0 

PC + 1 


BAL 


5 

11 

0 

PC + 2 


BAH 




0 

B AH# B AL ♦ Y 

9 

DatalDiscarded) 



T <♦ 

0 

BAH+C #9AL+Y 

9 

Data 



TO 

1 

PC + 3 

M 

CP CODE(Next) 






























Address Modes 

Cycles 

Cycle 

SYNC 

Address 

Bus 

Bin 

Data Bus 

£ Instruct ions 

« 

« 

L i ne 






Relative 


BCC 

BCS 

bt 0 

BMI 

BNE 

BPL 

BVC 

B VS 

2! 

a 

i 

0 

i 

PC 

PC ♦ 1 

PC ♦ 2 

n 

OP CODE 

Offset 

OP CODE(Next) 

acc 

BNE 



mm 

l 

PC 

n 

OP CODE 

BCS 

BPL 


33 

m 

0 

PC ♦ 1 

SB 

Offset 

BEQ 

BVC 



19 

0 

PC ♦ 2 

SB 

OP CODE(Discarded) 

BMI 

B VS 



Kifl 

1 

PC + 2 + Of f set 

n 

OP CODE(Next) 

BCC 

BPL 


■ 

na 

mm 

PC 

mm 

OP CODE 

BCS 

BVC 



Kffl 


PC +1 

mm 

Offset 

BEQ 

B VS 


■ 

In 

t» 

PC + 2 

SB 

OP CODE(Discarded) 

BMI 




KeI 


PC+2+0ffs et 

B9 

Da ta(Dis car ded) 

BN E 



U 1 


Kfl 

PC+2*Offset 

SB 

OP CODE(Next I 


* — With page crossing. 

I - Branch not taken. 

3 - Branch taken without page crossing. 

S - Branch taken with page crossing. 


























APPENDIX C 

INTERNAL OPERATION SEQUENCES OF INSTRUCTIONS 
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! 
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#1 - ADC using Immediate•Addressing Mode(2) 


TO s 

IADBUS 

- PC? IR < s 

DBUS? 

SYNC = U\ | 

RW = \1 \ I 


INR < = 

INC(IADBUS)o 




Tis 

IADBUS 

= INR? DL 

DBUSl 

SYNC = \0\ 

| RW s \ 1 \ £ 


INR < = 

INC(IADBUS)1 

PC <s 

INRo 


TOCOVLP3s 

IADBUS 

= INR? IR <= 

DBUSl 

SYNC « \1\ 

I RW s \1\ | 


INR < = 

INC(IADBUS)! 





OP * \0p0j>0p1\| ARGBUS = AC I IDBUS * DL? 

PS = P C4 3;> PC 73 | 

ALUREG <= .ALUC1*63(OPJ ARGBUS? IDBUS? P'S ) J 
COUTpALUOUT * ALU (OP J ARGBUS $ IDBUS! PS)J 
P C 0 3 <s. ALU0UTC03 | PC13 * C C ARGBUS C 0 3 £ IDBUSC03 
£ A ALU0UTC03)■+ (*ARGBUSC03 £ a IDBUSC03 £ 

AL UQUT CO 3) ) <= \1\? PC13 * A (<ARGBUSC0 3 3 £ 

IDBUS CO 3 £ “ALU0UTC03) -s- ( a ARG.BUSE03 £ A IDBUSC03 
£ ALUOUT CO 3 ) ) < = \0\| PC63 <= A ( + /ALUOUT)| 

P C7 3 <= COUTo 

T1 C 0 VL P 3 s IADBUS = INR? DL <= DBUSl SYNC * .VOY$ RW - \1\| 
INR <= INC(IADBUS)| PC <= INR| 

IDBUS - ALUREG? AC <= IDBUSo 
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#2 - JMP using Absolute Addressing Mode(3) 


TOs 

IADBUS 

= PC| IR <= 

DBUSl 

SYNC = 

\ 1 \| 

RW * \1\| 


INR < = 

INC(IADBUS)o 





TH 

IADBUS 

= INR| DL <= 

DBUSl 

SYNC ■* 

\ 0 \ I 

RW « \1\| 


INR < = 

INC(IADBUS)I 

PC < = 

INRo 



T2s 

IADBUS 

= INRI DL < = 

DBUS I 

SYNC * 

\0\ I 

RW = \ 1 \ I 


INR < = 

INC(IADBUS)I 

IDBUS 

* DL I 

TR <■ 

IDBUS o 

T0C0VLP3 i 

IAMBUS 

= D L j>TR | IR 

<= DBUSl SYNC 

= \1\| 


RW = U\| INR <= INC (IADBUS ) 0 


■ 

T1C0VLP3 s 

IADBUS 

5 INRJ DL <= 

DBUSl 

SYNC = 

VO\ I 

'RW « \1\I 


INR < = 

INC(IADBUS)I 

PC < = 

INRo 
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#3 - AND using Absolute Addressing Mode(4) 


TO? 

IADBUS 

= PCI IR <= DBUSj SYNC = 

\1\J RW = 

\1\J 


INR < = 

INC(IADBUS)o 



Tls 

IADBUS 

= INR| DL <= DBUSJ SYNC = 

\0\J RW 

= \1\J 


INR < = 

INC (IADBUS) | PC <= INRo 



—i 

IV) 

IADBUS 

= INRJ DL <= DBUSJ SYNC = 

\0\J RW 

* ■ \1\ J 


INR < = 

INC(IADBUS)J IDBUS = DLJ 

TR <*= IDBUSo 

T3S 

IADBUS 

= DL>TR| DL <= DBUSJ SYNC 

= \0\J 



RW = \1\| PC <= INRo 



TOCOVLP3S 

IADBUS 

= PCJ IR <* DBUSJ SYNC * 

\1VJ RW * 

\1 \J 


INR < = 

INC (IADBUS) | 




OP = \0j>0>lf0\5 ARGBUS = AC 5 IDBUS = DL| 

PS = PC43p P£73J 

ALUREG <= ALUE1S83 (OPJ ARGBUSJ IDBUS* PS J S 
ALUOUT = ALU 11s 8 3(DP J ARGBUSj IDBUSl PS)| 

PI 0 3 <= ALUOUT [ 03 | PE63 <- A {-5-/ ALUOUT ) o 

T1I0VLP3S IADBUS = INRj DL <= DBUSj SYNC * \0\J RW - U\J 
INR <* INC(IADBUS)J PC <■ INR| 

IDBUS 3 ALUREG j AC <= IDBUSo 


I 
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#4 - STA using Absolute Addressing Mode(4) 


o 

1— 

IADBUS 

= PC|. IR <= 

DBUS! 

SYNC » 

\1\ s' 

RW • 

\1 V J 


INR < = 

INC(IADBUS)o 






T1 * 

IADBUS 

= INR| DL <= 

DBUS I 

SYNC 

- \0\| 

RW 

= \1\! 


INR < = 

INC(IADBUS) | 

PC <« 

INRo 




T2s 

IADBUS 

* INR| DL <= 

DBUS! 

SYNC 

s \ 0 \ | 

RW 

= \1\ | 


INR < = 

INC(IADBUS) | 

IDBUS 

= DL| 

TR <« 

IDBUS o 

T3s 

IADBUS 

= DLi> TR| SYNC = V0\| RW 

= \.0 \ | 




IDBUS = 

> AC | DBUS = 

IDBUS! 

PC < = 

INRo 



T0C0VLP3 s 

IADBUS 

* PC| IR <= 

DBUS! 

SYNC * 

\ 1\ ! 

RW * 

\ 1 \ ! 


INR < = 

INC(IADBUS)o 






T1EG\/LP3 s 

IADBUS 

= INR| DL <= 

DBUS! 

SYNC 

* \ 0 \ | 

RW 

a \ 1 \ ! 


INR < = 

INC (IADBUS) | 

PC < = 

INRo 
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£5 - ASL 

TOs 

Tls 

T2S 

T3s 

T 4 s 


T5s 

TOCOVLPls 


sing Absolute Addressing Mode(6) 

IADBUS = PC| IR <~ DBUS; SYNC = -\1\|' RW - \1\; 
INR <= INC{IADBUS)„ 

IADBUS = INR; DL <® .DBUS; SYNC = \0\; RW = A1VS 
INR <= INC<IADBUS)S PC <= INRo 

IADBUS 3 INRj DL < 3 DBUS; SYNC = \0\| RW 3 \1 \ | 
INR <■ INC(IADBUS); IDBUS = DL; TR < 3 IDBUSo 

IADBUS * DUTRl DL <= DBUS; SYNC = \0V; 

RW ~ \1\; INR < 3 IADBUS! PC <= INRo 

IADBUS * INR! SYNC = \0\! RW = \0\5 

OP s \0;> Ip lj> 1\ | ARGBUS - \0p 0 s> Op Op 0 p 0 p Op 0\ | 

IDBUS * DL| PS = PC43pPC7 3; DBUS IDBUS! 

ALUREG <= ALUt1» 8 3 COP! ARGBUS! IDBUS! PS)! 

. COUTpALUOUT = ALU(0P! ARGBUS; IDBUS; PS); 

PC 03 <= ALU0UTC03; PC63 <= a (+/ALU0UT); 

PC73 <= COUTo 

IADBUS = INR; SYNC ■ \0\; RW = \0\; 

IDBUS 3 ALUREG; DBUS = IDBUSo 

IADBUS = PC! IR < 3 DBUS! SYNC 3 \1\; RW 3 \1\; 
INR < 3 INC(IADBUS)o 
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ASL — Cent 


TlCOVLPls 


» nued 

IADBUS = XNRj DL DBUS$ SYNC ® \ 0 \§ RW 
INR <= INC(IADBUS)I PC INRo 


\ 1 \| 
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#6 - JSR 

TO s 


Tis 


T2 s 


T 3 s 


T 4 “ 


T 5 s 


TOtOWLP] s 


T1CQVLP3 s 


using Absolute Addressing Mode(6) 

IADBUS = PCI IR <« DBUSJ SYNC * U\| RW - \1\| 
INR <• INC(XADBUS)o 

IADBUS = I NR| DL <= DBUS| SYNC ® \0\| RW = \1\| 
INR O INC (IADBUS )| PC <- INR. 

IADBUS = \OpOpOpOpOpOpOpl\pSP| DL <- DBUS| 

SYNC = \0\| RW s \l\| INR <= IADBUS I IDBUS * DLJ 
TR <= IDBUS| PC <= INRo 

IADBUS = INR| SYNC = \0\| RW = \0\| 

INRC8S153 <* DECC8S153(IADBUS)| IDBUS * PCC0s73| 
DBUS * IDBUSo 

IADBUS = I NR | SYNC = \0\| RW * \0\| 

INRC8S15] <= DECC8 s15 3(IADBUS)I 
IDBUS =. PC [8 s 3.53 | DBUS = IDBUSo 

IADBUS = PCI DL <= DBUS | SYNC = \0\| RW * \1\|. 

PC <=I NR o 

IADBUS = DLpTR! IR ..<* DBUS| SYNC = \1\| 

RW = \1\| INR <= INC(IADBUS)| 

IDBUS = PCC82153I SP < = IDBUSo 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW = \1\| 
INR <= INC (IADBUS ) I PC <= INRo 
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#7 - BIT 


TO* 


T1 : 


T2 : 


TOEOVLP3 


T1EQVLP3 


using Zero Page Addressing Mode(3) 

IADBUS ® PC| IR <= DBUSj SYNC * U\| RW ■ 
INR <= INC(IADBUS). 

IADBUS = INRj DL <= DBUSj SYNC = \0\| RW 
INR <= INC(IADBUS)| PC O INRo 

IADBUS = \OpOpQpOpOpOpOpO\pDLl DL <= DBUS 
SYNC = \0\! RW s \i\|- PC <- INRo 

IADBUS * PC| IR' <« DBUS! SYNC = \1\| RW = 
INR < = INC(IADBUS ) J 

DP = \0*0*lp0\| ARGBUS * ACl IDBUS = DL | 
PS * P E 4 3 j> PE-7 3! 

ALUOUT = ALU E1s 8 3(OP I ARGBUS| IDBUS! PS)| 
PE03 < = IDBUSEO 3 I PE13 IDBUS El3| 

PE 63 <* A (+/ALU0UT ) o 

IADBUS = INR| DL <= DBUS! SYNC * \o\| RW 
INR INC(IADBUS)! PC O INRo 


\ 1 \! 


\1 \ ! 


\ 1 \| 


\ 1 \! 
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#8 - STX 

TOs 


T1 : 


T2s 


TOCOVLP] 


TU0VLP3 


using Zero Page Addressing Mode(3) 

XADBUS * PCI IR <■ DBUS! SYNC = U\| RW ® \1\| 
INR <= INC(IADBUS}o 

lADBUS * INRj DL < = DBUSf SYNC = \0\J RW ■ \1\| 
INR '<* INC(XADB US)I PC <= INRo 

IADBUS * \0j>0;>0;> Op Oj OpOpOVj. DL| SYNC ® \0\| 

RW . s \0\| IDBUS = X| DBUS = IDBUSl PC <* INRo 

IADBUS = PCI IR <- DBUS | SYNC = \1\| RW = U\| 
INR <= INC (IADBUS) 0 

IADBUS = INR| DL O DBUSl SYNC * \0\J RW * \1\J 
INR < = INC(IADBUS)I PC <« INRo 



#9 “DEC 


TOS 


T18 


T 2 s 


T3s 


T4s 


TOCOVLP3 


T1 C Q\/L P 3 
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using Zero Page Addressing Mode(5) 


IADBUS = PC| IR <= DBUS| SYNC = U\| RW = \1\| 
INR <» INC CIADBUS). 

IADBUS = INRl DL < = DBUS| SYNC = \0\| RW = \1\| 
INR <s INC(IADBUS)! PC <■ INRo 

IADBUS » \0p0p0p0p0p0p0p0\pDL! DL O DBUSj 
SYNC = \0\| RW = \1V| INR <= IADBUS! PC <* INRo 

IADBUS = INR! SYNC * \0\| RW = \0\| 

OP s \0p Op Op 0\! ARGBUS = \lp 1 p 1 pIp Ip Ip Ip X \! 
IDBUS = DL| PS * PC 43 p PC7 3 ! DBUS * IDBUSs 
ALUREG < = ALUCl 5 83 (OP! ARGBUS! IDBUS! PS)| 
ALUOUT s ALUCls83(OP| ARGBUS! IDBUS! PS)! 

P C 0 3 <= ALUOUT C 03 ! PC63 <= * C -4- / ALUOUT ). 

IADBUS = INR! SYNC = \0\! RW = \0\! 

IDBUS = ALUREG! DBUS * IDBUSo 

IADBUS = PC! IR <= DBUS! SYNC = \1\! RW = \1\| 
INR <= INC (I A'DBUS.) o 

IADBUS = INR! DL <= DBUS| SYNC = \0\| RW * \1\| 
INR <= INC(IADBUS)! PC <= INRo 
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#10 - LSR using Accumulator Addressing Mode(2) 


o 

1— 

IADBUS 

= PCI IR <= 

DBUSl 

SYNC - \l\j 

RW ■ \1\| 


INR < = 

INC(IADBUS)o 




Tls 

IADBUS 

- I NR 1 DL < = 

DBUSl 

SYNC ■ \0\ 

I RW * \1\ 


INR < = 

INC(IADBUS ) | 

PC <s 

INRo 


T0C0VLP3 s 

IADBUS 

= PCI IR <= 

DBUSl 

SYNC ■ \1\| 

RW = \1\| 


INR <= INC(IADBUS)| 

OP s \ 1 p Oj> Oj> 0 \ | ARGBUS s \0p OpOpOp Op Op Op 0\J 
IDBUS = AC > PS = PC43pPC73| 

ALUREG <* ALUC1S83(0PJ ARGBUSl IDBUSl PS)! 
COUTpALUOUT *.ALU<OP| ARGBUSl IDBUSl PS) 5 
P C03 <= ALUOUT C 0 3 I P C6 3 <= *( <-/ALUOUT ) I 
P17 3 <= COUTo 

TIC 0 V LP 3 s IA D BUS ■ INR| Dl <= DBUSl SYNC ■ \0\| RW - \1\| 
INR <= INC(IADBUS)| PC <= INR| 

IDBUS ALUREGJ AC <= IDBUSo 
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#11 - CLC using Implied Addressing Mode(2) 


TO s 

IADBUS 

= PCI IR <= DBUSl SYNC 

« \1\J 

R W = 

U\| 


INR < = 

INC(IADBUS)o 




T1 ° 

IADBUS 

= INR| DL <= DBUSl SYNC 

= \0\ 

I RW 

= \1\ 


INR < = 

INC(IADBUS ) 1 PC <* INRo 




TO COVLP3 s 

IADBUS 

= PCI IR <= DBUSl SYNC 

= \1\| 

RW = 

U\| 


INR < = 

INC(IADBUS)! 





PC73 <= 

\0\ 0 




T1C0VLP3? 

IADBUS 

= INR! DL <= DBUSl SYNC 

= \0\ 

I RW 

= \1\ 


INR <= INC(IADBUS)! PC <* INRo 



#12 - PHA 

TO % 


T1 s 


T2s 


TOCOVLPDs 


T1COVLP] s 
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using Impiied Addressing M-o.de (3) 

IADBUS = PC? IR <= DBUS? SYNC = \1\? RW « \1\? 
INR <= INC(IADBUS)« 

IADBUS = INR| DL <= DBUS? SYNC = \0\? RW * U\? 
INR <= INC(IADBUS)? PC <* INRo 

IADBUS - \OpO* Dj>0j>0j>0i>0;>l\;>SP? SYNC = \0\? 

RW = \0\? IDBUS = AC? DBUS = IDBUS? 

INR C 0 ? 7 3 <= IADBUSC0S73? 

I NR C 8 s15 3 <= DECC8S153CIADBUS)o 

IADBUS = PC? IR <= DBUS? SYNC = U\| RW = \1\? 
INR <= INC(IADBUS)I 
PC <= INRo 

IADBUS = INR? DL <■ DBUS? SYNC = \0\? RW = \1\? 
INR <= INC(IADBUS)? PC <■ INR? 


IDBUS - PCC8U53? SP <= IDBUS 



175 


#13 - PL P 

TOs 

T1 s 

T 2» 

T3 s 

TOLOVLP3S 

T1CQVLP3 2 


using Implied Addressing Mode(4) 


1 AD BUS » PC | IR <= DBUSl SYNC 8 u\| RW = U\| 
INR < = INC(IADBUS) 0 

IADBUS « INRJ DL < = DBUSl SYNC * \0\J RW = \1\| 
INR < = INC(IADBUS) | PC <“ INRo 

IADBUS - \OpOpOpOj>OpOpOp1\j»SP| Dl < = DBUSl 
SYNC c \0\| RW 8 \1\| INR C Os 73 <8 IADBUSC0273I 
INRC8U53 <= INCC8S153(IADBUS) 0 

IADBUS * INRJ DL <= DBUSl SYNC ® \0\| RW = \1\. 

IADBUS * PCI IR <= DBUSl SYNC = \1\| RW = \1\| 
INR <8 INC (IADBUS)| 

IDBUS = DLI P <= IDBUSl PC <= INRo 

IADBUS 8 INR! DL <* DBUSl SYNC 8 \o\| RW * \l\| 
INR <= INC(IADBUS)I PC <= INR| 

IDBUS * PC C8 s15 3! SP <= IDBUS o 
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#14 ~ RTI 


TOs 


Tls 


T 2 s 


T3s 


T4s 


T5 : 


TOCOVLP3 s 


TIC OVLP]s 


using Implied Addressing Hode(6) 

IA0BUS = PCI IR <«■ DBUS | SYNC « U\| RW = \1\| 
INR <* INC (IADBUS) « 

IADBUS = XNRJ DL <= OBUS| SYNC = \0\| RW * \1\| 
INR <= INC(IADBUS)| PC <= INRo 

IADBUS = \ Os Op Op Op Oj> Op Os> 1\j> SP| DL <= DBUSl 
SYNC » \0\| RW = \1\| INRCOS73 <= IADBUSCOs73| 

I NR [8 s 15 3 <- INCC8S153(IADBUS)o 

IADBUS = INRJ DL <= DBUSl SYNC = \0\| RW * \1\| 
I NR C 8 s15 3 <= INCC8S153(IADBUS)o 

IADBUS = INR| DL <= DBUSl SYNC * \0\| RW = \1\| 
INRC8S153 <« INCC8S153(IADBUS)| 

IDBUS - DL| P <* IDBUSo 

IADBUS = INR| DL <* 'DBUSl SYNC = \OY| RW = \1\| 
IDBUS = DLI TR <= IDBUSl PC <= INRo 

IADBUS * DLj>TR! IR <= DBUSl SYNC = \ 1 \ I 
RW = \1\| INR <= INC(IADBUS)| 

IDBUS = PCC8U53I SP <* IDBUSo 

IADBUS = INR} DL <= DBUSl SYNC = \0\| RW = \1\| 
INR <= INC(IADBUS)! PC <= INRo 
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#15 -r RTS 

TO s 

Tl* 

T2 s 

T3s 

T 4 : 

T52 

TOCOVLP3 s 

T1COVLP] s 


using ImpJaed Addressing Mode(6) 

XADBUS = PCI IR <* DBUSJ SYNC = \1\J RW = \1\J 
INR <= INC(XADBUS ) « 

IADBUS = INRJ DL <= DBUSj SYNC * \0\J RW * U\J 
INR <= INC{IADB US)J PC <= INRo 

IADBUS s \ 0 s 0 s> 0 s> Os 0 p 0 *> 0 s 1 \ $ S P J DL DBUSj 

SYNC = \0\J RW = U\J INRCOS73 <= IADBUS CO s7 3J 

INRL8S153 <= INC E8sl53(IADBUS)» 

IADBUS = INRJ DL <= DBUSj SYNC *-\0\J RW ® U\J 
INR C8 s15 3 <= INCC8S153(IADBUS)• 

IADBUS = INRJ DL <= DBUSj SYNC = \0\J RW - \1\J 
IDBUS = DL J TR <= IDBUSo 

IADBUS ■ D L ;> T R J DL <= DBUSl SYNC = \0\J 
RW = \1\$ INR <= INC(IADBUS)| PC <* INRo 

IADBUS = INRJ IR <= DBUSj SYNC = UAJ RW = \1\J 

INR <= INC(IADBUS)J 

IDBUS = PCC8S153J SP <= IDBUSo 

IADBUS = INRj DL <= DBUSl SYNC = \0\J RW » \1\j 
INR <= INC (IADBUS)J PC <= INRo 
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#16 - BRK using Implied Addr es s 5 ng Mo d e( 7 ) 

TOs IADBUS = PC| IR <= DBUSl SYNC = \1\ 5 RW = U\J 

INR <= INC(IADBUS)a 

Tis IADBUS = INRJ. DL <= DBUSl SYNC = \0\| RW = \1\| 

INR <- INC (IADBUS) I PC <= INRo 

T2S IADBUS = \0^0^0^0j>0i>0^0^1\pSP? SYNC = \0\J 

RW = \0\| ID BUS = INRCOS73I DBUS = IDBUSl 
I NR [ 0 s 7 3 <= IADBUSCO s 73 j 

INRC8U53 <= DECC8S15 3(IADBUS)I PC <= INRo 

T3s IADBUS = INR| SYNC = \OV| RW = \0\| 

IDBUS = PC C8 s i53| DBUS = IDBUSl PC 33 <= \1\| 

INR C8 s 15 3 <= DECC8U53 (IADBUS )o 

T4s IADBUS = INR| SYNC = \0\| RW = \0\| IDBUS * P| 

DBUS = IDBUSl INR C8 s15 3 <= DECC8s153 (IADBUS ) o 

T5s IADBUS = \l>l*l*l*l*lfl*l*l*l*l*l>l*i*l*0\5 

DL <= DBUS| SYNC = \0\| RW = \1\| 

INR <= INC(IADBUS)I PC <* INRo 

T6S IADBUS = INR| DL <= DBUS| SYNC ® \0\| RW = \1\| 

IDBUS = DLI TR <= IDBUSl PC 53 <= \1\ 0 

TO COVL P 3 i IADBUS = D L j> TR | IR <= DBUSl SYNC = \1\! 
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BRK Continued 

RW« \l\l INR <= INC < IADBUS) I 
IDBUS = PC C 8 s1511 SP <= IDBUSo 

T1COVLP38 IADBUS = INRj DL <= DBUSl SYNC = \0\| RW = \1\J 
INR- <« INC (IADBUS) | PC <= INRo 
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#17 - CMP using Indexed Indirect Addressing Mode(6) 

TOS IADBUS = PCI IR <■ "DBUSl SYNC ■ \1\| RW « Vl\| 

INR <« INC(IADBUS ) „ 

Tis IADBUS « ihR| DL <= DBUSl SYNC * \o\| RW *. \1\| 

INR <- INC(IADBUS)| PC <-'.INRo 

T2s IADBUS = \0p0p0p0p0p0p0p0\pDLJ DL <“ DBUSl 

SYNC - \0\| RW - U\J INRC0S7] <- IADBUSCOs73 I 
OP s \0 p0p0p0W. ARGBUS = IADBUSC8S 153| 

IDBUS « X| PS = PC 43 j> P C731 PC <« INR| 

ALUREG <= ALUC X s 83(OP | ARGBUSI IDBUSl PS)o 

13i IADBUS s I NR CO s 7 3p ALUREG | DL < = DBUSl 

SYNC ■ \0\ | RW * \.1\| 

■INRC8S153 ■<» INC C8 s 15 3 (IADBUS ) o 

T4s IADBUS - INR| DL <= DBUSl SYNC = \0\| RW - \1\| 

IDBUS = DL| TR <= IDBUSo 

T5s IADBUS = DLpTRl DL <= DBUSl SYNC = \0\| 

RW « \X\o 

TQC0VLP3I IADBUS = PC| IR < s DBUS | SYNC = \1V| RW.* \1\| 
INR <= INC(IADBUS)| 

OP = \OplplpO\I ARGBUS = AC | IDBUS = DL| 

PS = P C 4 3 p P C 7 31 
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CMP ~~ Continued 

COUTj) ALUQUT = ALU(OP| ARGBUSl IDBUSl PS) | 

P £ 0 3 <= ALUOUTC 0 31 P C 6 3 A ('+ / ALUOUT) ? 

P C 7 3 <= COUTo 

Tl£OVLP3s IADBUS * INR5 DL <= DBUSl SYNC = \0\> RW = \1\J 
INR <= INC(IADBUS)$ PC <= INR« 
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#18 - STA 

TO * 

Tls 

T2s 

T3 : 

T4s 

T5 : 

TOCQVLP3 5 

T1COVLP3S 


using Indexed Indirect Addressing Mode(6) 


IADBUS = PC| IR <« DBUS| SYNC = \1\| RW = \1\J 
INR <= INC(IADBUS)o 

IADBUS = INR! DL <= DBUSl SYNC = \0\| RW = \1\| 
INR <= INC(IADBUS ) 3 PC <= INRo 

IADBUS = \0p0p0p0p0pQp0p0\pDL| DL <* DBUSl 
SYNC = \0\| RW = \1\J INRCO s7 3 <= IADBUSC0s73| 
OP = \Op Op Op 0\ | ARGBUS = IADBUS L 8s153J 
ID BUS = X| PS = PC 4]p PE7] I PC <= INRI 
ALUREG < = ALUC1S8](0P| ARGBUSl IDBUSl PS ) o 

IADBUS = INRCOs73pALUREG| DL <= DBUSl 
SYNC = \0\ | RW = \1\| 

INRC8S153 <= INCC8o'153(IADBUS) o 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW = \1\| 
ID BUS = DL| TR <= IDBUSo 

IADBUS = DlpTR! DL < = DBUSl SYNC = \0\| 

RW = \0\| IDBUS = AC I DBUS * IDBUSo 

IADBUS = PCI IR <= DBUSl SYNC = \ 1 \I RW = U\| 
INR <= INC(I ADBUS)o 

IADBUS = INRI DL <= DBUSl SYNC = \0\| RW = \1\| 
INR < = INC (IADBUS)! PC < = INRo 
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#19 - EQR 

TO s 

Tl i 

T2s 

T3s 

T4s 

TQCOVLP3 s 


using Indirect Indexed Addressing Mode(5) 


IADBUS = PC ? IR <= DBUSl SYNC * \1\| RW = \1\| 
INR <= INC(IADBUS ) o 

IADBUS = INR ? DL <= DBUSl SYNC = \0\J RW = \1\? 
INR <= INC(IADBUS)? PC <= INRo 

IADBUS = \OpOpOpOpOpOpOpO\pDL| DL <= DBUS? 

SYNC = \0\J RW = U\? INRCOS73 <= IADBUSCOs73? 
INR C 8s15] <= INCC8sl53(IADBUS)? PC <= INRo 

IADBUS = INR? DL <= DBUSl SYNC *-\0\? RW ■ \1\| 
□ P * \GpOpOsO\J ARGBUS = Y| ID BUS * DL? 

PS = PC43pPC73| 

CpALUREG <= ALU(OP? ARGBUS? IDBUS? PS)o 

IADBUS * DLpALUREG? DL <= DBUS? SYNC * \0\? 

RW = \l\o 

IADBUS = PC? IR <= DBUSl SYNC = \1\? RW = \1\? 
INR <= INC(IADBUS)J 

OP = \OplpOpO\| ARGBUS * AC? IDBUS = DL? 

PS = P C 4 3 p P C 7 3 | 

ALUREG <= ALUC1s 8 3(OP? ARGBUS? IDBUS? PS)? 
ALUOUT = ALUC1S83(0P| ARGBUS? IDBUS? PS)? 

P CO 3 <« ALUOUT C03? PC63 <= R (+/ALUOUT) 0 
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EQR — Continued 

Tit QVL PIo IA D BUS = 1NRJ DL <= DBUSj SYNC * \0\| RW = \1\| 
INR <- INC(IADBUS)5 PC <« INRj 
XDBUS * ALUREG? AC <* IDBUSo 



#20 - IDA 


TO s 


TU 


T2s 


T3S 


T4s 


T 5 5 


T0£uVLP3# 
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using Indirect Indexed Addressing Mode(6) 

[with page crossing] 


IADBUS = PCs IR <= DBUSl SYNC = \1\| RW * \1VJ 
INR <= INC (IADBUSK 

IADBUS * XNRJ DL <= DBUSl SYNC = \0\| RW * \1\| 
INR <= INC(IADBUS)J PC <= INRo 


IADBUS * \0p0p0p0p0p0p0p 0\p DL| DL <= DBUSl 
SYNC = \0\| RW = \1\| INR C 0 s 7 3 <= IADBUSE 0s73| 
INRE 8*153 <= INCC8S15 3(IADBUS)| PC <= INRo 

IADBUS = INR j DL <« DBUSl SYNC = \0\J RW = U\| 
OP = \Op Op Op 0\ | ARGBUS = Y| IDBUS = DL| 

PS = P E4 3p P E 73 I 

CpALUREG <= ALUtOPj ARGBUSl IDBUSl PS)o 

IADBUS = DLpALUREGl DL <= DBUSl SYNC * \0\| 

RW « U\| INR[8 s 153 <= IADBUSE8s153 I 

OP s VOpOpOpOYl ARGBUS = \0p Op Op Op Op Op Op 1\| 

IDBUS s Dtl PS = PC43 pPC73| 

ALUREG <*. ALUC1*83(0PJ ARGBUSl IDBUSl PS)o 

IADBUS = ALUREGpINRC8S153I DL <= DBUSl 
SYNC * \0\$ RW * \1\= 

IADBUS = PCI IR <* DBUSl SYNC = \1\| RW = U\| 
INR <- INC (IADBUS ) I 
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LDA Continued 


OP s \Op Op Op 0\ | ARGBUS s \ Op Op Op Op Op 0 p Op 0 \ ? 
IDBUS = DU PS = PU3pPC73? 

ALUREG <= ALUC1S83(OP? ARGBUS? IDBUS,” PS)? 
ALUOUT « ALU£ls83(OP, ARGBUS? IDBUS? PS)? 

P C 0 3 <■ ALUOUT CO 3 ? PC63 <= *{♦/ALUOUT )« 

T1C0VLP3S IADBUS « INR? DL <= DBUS? SYNC « \0\? RW * \1\? 
INR <= INC(IADBUS)? PC <= INR? 


IDBUS ■ ALUREG? AC <= IDBUS 
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#21 ■=» STA using Indirect Indexed Addressing Mode{6) 

TOs IADBUS = PCI IR '<« DBUSj SYNC = \1\| RW * \1\| 

INR <= INC(IADBUS)o 

Tls IADBUS = 1NR| DL '<« DBUSl SYNC = \0\| RW * \l\j 

INR <= INC(IADBUS)I PC < = INRo 

T2s IADBUS = \0t0s>0s>0f0t Ot 0s> 0\pDL| DL <= DBUSl 

SYNC = \0\| RW = \1\| INR CO s 73 <« I'ADBUS.C Os'7 3f 
INR[8 s15 3 <= INCC8.S.153 (IADBUS )| PC <= INRo 

T3s IADBUS = INR| DL <= DBUSl SYNC = \0\| RW * \1\| 

OP * \0»0s>0s,0\ ° s ARGBUS * Y| IDBUS * DLj 
P S = P C4 3j> PC 7 3 I 

C>ALUREG <= ALU(0PI ARGBUS| IDBUS! PS)o 

T4? IADBUS = DL^ALUREG! DL <* DBUSl SYNC = \0\| 

RW * \1\| OP = \0i> 0j> 0 j> 0\| ARGBUS = 

( \ 0s> 0j> 0 s> 0;> 0j> 0j> 0s> 0\ 2 \ 0; 0.p 0.p 0; Oi 0i 1\ ) * 

(C ) I IDBUS = DL I PS = P [4 3j> P C 7 31 
ALUREG <= ALUCls83(OP| ARGBUS! IDBUS!, PS)| 
INRC8U53 <= IADBUS.C8si53o 

T 5 S IADBUS s ALUREGj?INRC8sl53| SYNC ~ \0\| RW =\0\! 

IDBUS = AC| DBUS = IDBUSo 

T0CQVLP3S IADBUS = PC| IR <= DBUSl SYNC = \1\| RW = \1\| 
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STA -— Continued 

INR < = 

T1CQVLP]s IADBUS 
INR < = 


INC(IADBUS)o 

= I NR| DL <= DBUSJ SYNC = \0\? RW 
INC(I AO BUS)| PC <= INRo 


\l\$ 
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#'22- - LDY 


TOs 


Tls 


T2 s 


T 3; 


TO£OVLP3s 


T1COVLP3 s 


using Zero Page Indexed* X Addressing Mode(4) 

IADBUS = PCI IR < 3 DBUSl SYNC 3 \1\| RW = \1\| 
INR <= INC(IADBUS)o 

IADBUS = INR| DL <= DBUSj SYNC * \0\| RW « \1\| 
INR < = INC (IADBUS) J PC < 3 INR „ 

IADBUS = \0p0p0p0p0p0p0p0\pDL| DL < 3 DBUSl 
SYNC = \0\| RW = \1\| INRC0S73 < 3 XADBUSEOs 73 I 
OP 3 \0p0p0p0\| ARGBUS = IADBUSC8s153| 

IDBUS = X| PS = PE43pPE73| PC <= INR} 

ALUREG <= ALUCls83(OP| ARGBUSl IDBUSl PS)o 

IADBUS = INRC0s73pALUREG| DL <= DBUSl 
SYNC = \0\| RW = \l\o 

IA D BUS * PC| IR.<= DBUSl SYNC = \1\| R.W = \1.\| 
INR <” INC(IADBUS ) I 

OP 3 \Op Op OpO\I ARGBUS = \0p0p0pOpOp 0pOp 0\| 
IDBUS 3 DLI PS 3 PC 43p PI73 | 

ALUREG <= ALUC3.S83 (OP| ARGBUS! IDBUSl PS)| 
ALUOUT 3 ALUEls83(OP| ARGBUSl IDBUSl PS)| 

P [ 0 3 <= ALU0UTE03! PE63 <= * (<*/ALUOUT ) 0 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW 3 \1\| 
INR <= INC(IADBUS)| PC < 3 INR| 

IDBUS 3 ALUREG! Y <= IDBUSo 
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#23 - STY 

TO s 

TX s 

T2 s 

T3 s 

TOIOVLPjs 

THOVLP3 s 


using Zero Page Indexed* X Addressing M o d e (4 ) 


IADBUS = PCI IR <= DBUSI SYNC = \1\| RW = \1\| 
INR < = INC(IADBUS). . 

IADBUS = INR| DL <= DBUSI SYNC = \0\| RW * \1\| 
INR <= INC(IADBUS)| PC <= INRo 

IADBUS = \0*0*0*0*0*0*0*0\*DL| DL <= DBUSl 
SYNC = \OY| RW = \1\| I NR C 0 s 7] <= IADBtfSC0s7]| 

□ P = \0*0*0*0\| ARGBUS = I AD BUS 18 s X 5 3 I 
IDBUS * X| PS = P[43*PC73| PC < = INRj 
ALUREG <= ALU[i:83(OP| ARGBUSl IDBUSf PS)o 

IADBUS = INRC-0*73pALUREGS SYNC = \0\| RW =\0\| 

IDBUS = YI DBUS = IDBUSo 

IADBUS = PCI IR <= DBUSI SYNC = \1\| RW = \1\| 
INR <= INC(IADBUS) . 

IADBUS = INR| DL <= DBUSl SYNC * \0\| RW = \X\| 
INR <= INC(IADBUS ) I PC <= INRo 



INC using Zero Page In ; dexedp X Addressing Mode(6) 

IADBUS = PCI IR <* DBUS) SYNC = U\| RW = U\| 
INR <- INC(IADBUS). 

IADBUS = INRJ DL <= DBUSj SYNC = \0\| RW = \1\ 
INR <• INC(IADBUS)| PC <= INRo 

IADBUS = VOpOpOpOpOpOpOp 0\p DLj DL <= DBUSl 
SYNC = \0\| RW = \1\J INR[0 s 7 3 <= IADBUSCOs 73J 
OP = \0 p Op Op 0\ | ARGBUS = IADBUSC6 8 15 3 J 
IDBUS s X| PS s P' : C43pPC73{ PC <* INR} 

ALUREG <= ALUCls83(OP| ARGBUSl IDBUS) PS). 

IADBUS = INRCOs73pALUREG l DL <= DBUSl 
SYNC = \0\J RW ? U\| INR <= IADBUS. 

IADBUS = INR) SYNC = \0\| RW '« \0\| 

DBUS = IDBUSl OP = \0 p0p0p0\| 

ARGBUS = \0p0p0p0p0p0p0p 1\| IDBUS = DLj 
PS = PC43pPC73| 

ALUREG <= ALUC1s 8 3(OP) ARGBUSl IDBUSl PS)I 
ALUOUT .* ALU C 1 s 8 3 ( OP I ARGBUS) IDBUS) PS)'I 
P C 03 <= ALUOUT CO 3 ) PC63 <= " (-5-/ALU0UT) . 

IADBUS = INR) SYNC = \0\| RW ? \0\) 

IDBUS = ALUREG) DBUS = IDBUS. 
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INC ~ Continued 

T0C0VLP3S IADBUS 
XNR < = 

T1CQVLP3S IADBUS 


= PCI IR <= DBUSl SYNC = UV| RW = 
INC(IADBUSK 

= INR| DL <= DBUSl SYNC = \0\| RW 


U\| 


= U\| 


INR <= INC(IADBUS)| PC <* INR 
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#25 ~ LDX 

TO s 

T1 s 

T 2 s 

T 3 s 

TOLOVLPJs 


T1COVLP3* 


using Zero Page Indexed^ Y Addressing M ode(4) 

IADBUS = PCI IR <■ DBUSl SYNC * u\| RW = \1\| 
INR <= INC(IADBUS ). 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW * \1\$ 
INR <= INC{IADBUS)| PC <* INRo 

IADBUS » \OsOsOpOpQpOpOpO\pDLJ DL <» DBUSl 
SYNC = \0\| RW « \1\| I NR C0 ° 7 3 <= XADBUSCOs73| 
UP = \0p0p0p0\| ARGBUS = IADBUSC8?153| 

ID BUS = Y| PS = P C 43 p P C7 31 PC <= INR| 

ALUREG < = ALUC1S83(0P| ARGBUSl IDBUSl PS)o 

IADBUS = XNRCU73pALUREG| DL <= DBUSl 
SYNC = \0V| RW = \l\o 

IADBUS = PCI IR < = DBUSl SYNC = \1\| RW = \i\| 
INR <= INC(IADBUS)? 

OP s \Qp0p0p0\| ARGBUS = \0p Op Op Op Op Op Op 0\ | 

IDBUS = DU PS = PC43pPC73| 

ALUREG <= ALU C1s 8 3(OP I ARGBUSl IDBUSl PS)| 
ALUOUT = ALU[ls83(OP| ARGBUSl IDBUSl PS)| 

P CO 3 <= ALUOUT CO 3| PC63 < = * (UALUOUT ) . 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW = \1\| 
INR O INC(IADBUS)| PC <= INR| 

1D3US * ALUREG| X <= IDBUSo 
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#26 - STX 

TO s 

Tls 

T 2 o 

T3; 

TO CQVLP3 : 

TICOVLPI i 


using Zero Page Indexed* Y Addressing ModeC4) 

IA'DBUS ■ PC! IR <= DBUSl SYNC = \1\| RW = \1\| 
1NR <= INC(I AD BUS)o 

IADBUS = I NR S DL O DBUSl SYNC = \0\| RW = \1\| 
INR <- INC(IADBUS)| PC <= INRo 

IADBUS = \OpOpOpOpOpOpOpO\pDl| DL <• DBUSl 
SYNC = \0\| RW *= \ IV 5 INRC0S73D <= I AD BUS CO s 7 3 I 
OP = \0p0p0p0\| ARGBUS = IADBUSC8s153J 
IDBUS * Yj PS s P£43 pPE7]| PC < = INR| 

ALUREG <= ALUCls83(OP| ARGBUSl IDBUSl PS). 

IADBUS = INRCOs73pA lUREGl SYNC = \0\J RW » \0\| 
IDBUS = X| D6US = IDBUSo 

IADBUS - PCI IR <= DBUSl SYNC = U\$ RW = \1\| 
INR <* INC UADBUSK 

IADBUS = INR| DL <= DBUSl SYNC = \0\| RW = \1\| 


INR < = 


INC(IADBUS ) I 


PC <- INR 
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#27 - JMP using Indirect Addressing Mode(5) 

TOs IADBUS = PC| IR <= DBUSl SYNC * \1\| RW = \1\J 

INR <= INC (IADBUS) « 

Tl» IADBUS = INRl'DL <= DBUSl SYNC = \0\| RW * \1\| 

INR <= INC(IADBUS)I PC <= INR „ 

T2• IADBUS = INRl DL <= DBUSl SYNC = \0\| RW = \1\| 

IDBUS « DL| TR <= IDBUSo 

T 3 s IADBUS = DL^TRl DL <= DBUSl SYNC = \0\| 

RW = \1\| INR <= INC(IADBUS)o 

T4J IADBUS = INR| DL <= DBUSl. SYNC * \0\J RW = \1\| 

IDBUS = DL| TR <= IDBUSo 

T 0[□V L P 3 s IADBUS = DL,TR| IR <- DBUSl SYNC * \1\| 

RW - \1\| INR <- INC(IADBUS)o 

T1C 0 \/L P 3 s IADBUS = INR| DL <= DBUSl SYNC - \0\| RW = \1\| 
INR <= INC(I ADBUS)| PC <= INRo 
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#28 - ORA 


TO? 


T1 8 


T2 s 


T 3 8 


TOEO\/LP3 s 


TIEOVLPDs 


using Absolute Indexedp X Addressing Mode(A) 

IADBUS = PCJ IR <= DBUS| SYNC - \1\J RW » \1\| 
INR <= INC(IADBUS). 

IADBUS * INR J DL <« DBUSj SYNC * \0\f RW * U\J 
INR <* INC (IADBUS) J PC <= INRo 

IADBUS = INR J DL <= DBUSj SYNC ^ \0\J RW = \1\| 
INR <= INC (IADBUS) J OP = \OpOpOpO\J ARGBUS = X| 
IDBUS = DU PS « PE43pPE73j 
CpALUREG <= ALU(OP J ARGBUSJ IDBUSj PS)o 

IADBUS = DLp ALUREGJ DL <« DBUSJ SYNC * \0\J 
RW = \1\| PC <= INRo 

IADBUS = PCj IR <= DBUS! SYNC * U\J RW = \1\J 
INR <= INC(IADBUS) J 

OP * \0p Op Ip1\J ARGBUS = AC, IDBUS = DL| 

PS = PE43pPE73j 

ALUREG <= ALUE 1 8 63 (OP I ARGBUSJ IDBUSj PS ) J 
ALUOUT = ALUE1S83(0PJ ARGBUSJ IDBUSj PS)J 
P E 0 3 <- ALU0UTE03 J PE63 <= A (-J- / ALUOUT ) 0 

IADBUS = I NR J DL <■ DBUSj SYNC « \0\J RW « \1\J 
INR <= INC(IADBUS)J PC <= INRJ 
IDBUS = ALUREGJ AC <= IDBUSo 
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#29 - SBC 


TO 2 


Tls 


T2 s 


T3 s 


T 4 s 


TOCOVLP3 s 


using Absolute Indexed* X Addressing Mode(5) 

[with page crossing] 

IADBUS = PCI IR <= DBUSJ SYNC - \1\| RW = \1\| 
INR <= INC(IADBUS) o 

IADBUS = INR| DL <= DBUS! SYNC = \0\| RW = \1\| 
INR <= INC(XADBUS)| PC <= INRo 

IADBUS = INR! DL <=. DBUS! SYNC = \0\| RW = \1\| 
INR <* INC(IADBUS)| OP = \0*0*0*0\| ARGBUS * xi 
IDBUS = DLJ PS * PC43*P[73| 

CpALUREG <= ALU(DP| ARGBUSl IDBUS! PS)o 

IADBUS = DL* ALUREG| DL <« DBUS| SYNC = \0\| 

RW = \l\j I NR E 8 s15 3 <*■ IADBUSE8s15 3J 

DP = \ 0 * 0* 0* 0\ ! ARGBUS s \0* 0 * 0* 0* 0* 0* 0* 1 \ | 

IDBUS s DL! PS ■ PE43*PE73! PC <= INR| 

ALUREG <= ALUE1.*83(0PJ ARGBUS! IDBUS! P S) o 

IADBUS = ALUREG*INRC8S153! DL O DBUS! 
SYNC*\0\jRW»\l\o 

IADBUS = PC! IR <= DBUS! SYNC = \1\| RW = \1\| 
INR <= INC(IADBUS)! 

DP = \0*1* 0*1\! ARGBUS = AC| IDBUS = DL| 

PS s PE43*PE73| 

ALUREG <= ALUE1s 83(DPI ARGBUS! IDBUS! PS)J 
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SBC — Continued 

COUT#ALUOUT = ALIKOPJ ARGBUSj IDBUSl PS)| 

P CO 3 ■<■ ALUQUT CO 3| PC13 * ( ( ARGBUS CO 3 £ 

IDBUSC03 £ *ALU0UTC03) ♦ ( A ARGBUSC03 £ 

*XDBUSC03 £ ALl/OUTC 03 ) ) < = \1\| PC13 * 

*(■{ ARGBUS C 03 £ IDBUSC03 £ A ALU0UTC03) + 

( A ARGBUS C0 3 £. A -IDB.USC03 £ AlUOUTCO 3 ) ) < = \0V| 

PC63 <= +/ALUOUT )| PC73 <= COUTo 

T1C0VLP3S IADBUS = I NRi Dl <= DBUSl SYNC ■ \0\| RW = \1\| 
1NR <= INC(IADBUS) I PC <= INR| 

IDBUS = ALUREGl AC <= IDBUSo 
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#30 - STA 

TO s 


Tl* 


T2 ^ 


T 3 s 


T42 


TQCQVLP3 : 


TIC OVL P 3 s 


using Absolute Indexed* X Addressing Mode(5) 


IADBUS * PCI IR <= 0 BUS I SYNC * VI \$ RW = \1\| 
INR <= INC (IADBUS ). 

IADBUS = INRl DL <= DBUSI SYNC * \0\| RW = \1\| 
INR <* I NC (I AD BUS ) j PC <= INRo 


IADBUS = INRl DL <= 
INR <= INC(IADBUS)I 
ARGBUS = XI IDBUS = 
Cs ALUREG <= ALU(OP ! 


DBUSI SYNC = \0\| RW = \1\| 

OP = \ 0 * 0 * 0* 0 \ J 

DLI PS = PC43*PC73| 

ARGBUSI IDBUSI PS ) o 


IADBUS = DL* ALUREGJ DL <* DBUSI SYNC * \0\| 

RW = \1\| INRC8 s15] <= IADBUSC8s153 I 

OP = \0*0*0*0\| ARGBUS = ( \ 0* 0* 0* Oi> Op 0* Op 0\ ! 

\ 0* 0* 0* 0*Q*0*0*1\) * ( *C* C)| IDBU$ = DL | 

PS = PCA3pPC73| PC <= INRl 

ALUREG <= ALUC1?83(0P| ARGBUSI IDBUSI PS)o 


IADBUS = ALUREGyINRC8S153I SYNC * \0\| RW = V0\| 
IDBUS = AC I DBUS = IDBUSo 

IADBUS = PCI IR <= DBUSI SYNC = \1\| RW = \1\J 
INR <= INC(IADBUS)o 


IADBUS = INR| DL <= DBUSI SYNC = \0\|RW = \1\J 
INR <= INC(IADBUS)| PC <- INRo 
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#31 - ROL using Absloute Indexed* X Addressing Mode(7) 


TO s 

IADBUS 

= PC? IR <= 

DBUS? 

SYNC - U\? 

RW = \1\? 


INR < = 

INC (IADBUS) o 




Tls 

IADBUS 

= INR? DL <= 

DBUS? 

SYNC = \0\? 

RW = U\ 


INR < = 

INC (IADBUS) ? 

PC < = 

INRo 


T2s 

IADBUS 

= INR? DL <= 

DBUS? 

SYNC = \0\? 

RW = \1\ 


INR <= INC(IADBUS) ? OP = \0*0*0*0\? ARGBUS = X| 
IDBUS = DL? PS = P[43*PC73? 

C * ALUR EG <= ALU(QP? ARGBUS ? IDBUS? PSK 

T3s I AD BUS = DL*ALUREG? DL <= DBUS? SYNC = \0\? 

RW *'U\? INRE8S153 <= I ADBUS C 8 =° 15 3 ? 

OP = \0*0*0*0\? ARGBUS = <\0*0*0*0*0*0*0*0\ 2 
\0*0*0*0*0*0*0*1\) * (“C* C)f IDBUS = DL? 

PS = P E 4 3 * PC 73 5 PC <= INR? 

ALUREG <= ALUC1s 8 3 « OP| ARGBUS? IDBUS? PS ) o 

T4s I ADBUS = ALUREG* INRE8? 1.53 ? DL <• DBUS* 

SYNC = \0\? RW = U\| INR <= lADBUSo 

T5s I AD BUS = INR? SYNC “ \0\? RW = \0\J 

OP = \1* 0* 0*1\? ARGBUS = \0* 0 * 0 *0* 0* 0* 0# 0 \ ? 
IDBUS = DL? PS = PE43*PE73? DBUS = IDBUS? 

ALUREG <= ALUtlseiCOP? ARGBUS? IDBUS? PS)? 

C OUT* AL UOUT = ALUtOP? ARGBUS? IDBUS? PS)? 
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ROL ~ Continuea 

P [ 0 3 <= ALUOUT CO 3 p P C6 3 <= *U/ALUOUT ) | 

PC73 <= COUTo 

T6 s IADBUS = INRj SYNC = \0\| RW ■ \0\| 

IDBUS = ACUREGj DBUS ■ IDBUS* 

T Ot QVL P3 s IADBUS = PCj IR <= DBUSl SYNC - \1\? RW = \l\f 
INR <= INC(IADBUS). 

THOVLPJ! IADBUS = INR| Dl <= DBUSl SYNC s \0\| RW '■ \1\| 
INR <■ INC(IADBUS)| PC <- INRo 
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#32 - ADC using Absolute Indexed* Y Addressing Mode(4) 


-1 

o 

oo 

IADBUS 

= PCI IR <= 

DBUS I SYNC = Vl\| 

RW - 

\1\! 


INR <* 

INC(IADBUS)o 




Tl* 

IADBUS 

= INR! DL <» 

DBUSI SYNC = \0\ 

! RW * 

\1\| 


INR < = 

INC(IADBUS)I 

PC < = INRo 



T2s 

IADBUS 

= INR| DL <= 

DBUSI SYNC = \0\ 

! RW - 

\1 \! 


INR < = 

INC(IADBUS)I 

OP s \0* 0* 0* 0\| 

ARGBUS 

■ Y| 


IDBUS = 

DLI PS - PE43*PE73| 




C * ALUREG <= ALU(0P| 

ARGBUS! IDBUS! PS). 


T3 s 

IADBUS 

= DL* AL UREG J 

DL <= DBUS! SYNC 

= \o\ 

! 


RW «' \1\| PC <= INR 

0 



T0EQVLP3 s 

IADBUS 

= PC| IR <= 

DBUS! SYNC = U\| 

RW = 

\1\; 


INR < = 

INC(IADBUS)I 





OP * \o 

*0*0*1\| ARGBUS = AC | IDBUS “ 

DL| 



PS = PE 43* PE7 3 ! 

ALUREG <= ALU E1s 63(OP! ARGBUSl IDBUS! PS)I 
CQUTpALUDUT = 'ALU l OP | ARGBUSl IDBUSl PS ) | 

P E 0 3 <- ALUQUTE03I PE13 * ((ARGBUS £03 £ 

IDBUS £03 £ a ALUQUT£03) + ( a ARGBUS£03 £ 

A I'D B-US £0 3 £ ALUQUT £03)) <= \1\| P C13 
A ( ( ARGBUSL 03 £ IDBUS £0 3 £ a ALU0UT£03) +_ 

{ A ARGBUS £0 3 £ A IDBUS E 03 £ ALU0UTE03 ) ) <= \0\| 
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ADC — Continued 

P £ 63 <= A ( +/ALUOUT ) j> PC73 <= CQ'UTo 

T1C0VLP3! IADBUS = INR| DL <= DBUS J SYNC ■ = \0\| RVI = \1\| 
XNR <= INC(IADBUS)J PC <= INR| 

IDBUS = ALUREGJ AC <= IDBUSo 
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#33 -- AND using Absolute Indexed* Y Addressing Mode(5) 

[with page crossing] 


TO 


Ti: 


TZi 


T3 


T4 * 


IADBUS = PC * IR <= DBUSl SYNC - \1\| .RW «= AIM 
INR <= INC CIADBUS ) o 

IADBUS = INRI DL <= DBUSl SYNC - \0\| RW = \1\| 
INR <= INC(IADBUS)| PC <= INRo 

IADBUS = INR| DL <= DBUSl SYNC *;\0\| RW = \1\| 
INR <= INC (I ADB US) | OP = \0*0*0*0\| ARGBUS = Y| 
IDBUS = DL | PS '« PC43*PC73| 

C* ALUREG <= ALU(OP| ARGBUSl IDBUSl PSK 

IADBUS = DL * AL UREGl DL '<*.DBUSl SYNC - \0\| 

RW = \1\| -INRC8S15] <= I ADB US C 8 § 1 5 ] I 

OP = \0* 0*0*0\I ARGBUS = \0*0*0*0*0*0*0*1\| 

IDBUS = DLl PS = PC43*PC73| PC <= INR| 

ALUREG <= ALUCls83(0P| ARGBUSl IDBUSl PS)o 

IADBUS = ALUREG*INRC8M531 DL <~ DBUSl 
SYNC = \0\3 RW ^ MVo 


T0C0VLP3S. IADBUS = PC| IR '<* DBUSl SYNC = U\| Rtf ■ \1\| 
INR <= INC (IADBUS)I 

OP « \0*0*1*0\| ARGBUS * AC| IDBUS = DL| 

PS = P £ 4 3* PC 731 

ALUREG <= ALUCls83(QP| ARGBUSl IDBUSl PS)| 



205 


AND —*• C on tin u eQ 


ALUOUT = ALU C1s 8 3 (OP 3 ARGBUS, XDBUSS PS), 

P E 0 3 <= ALUOUT C 03 3 PE63 <= ^ALUOUT)» . 

T1E0VLP3S IADBUS = INR| DL < = DBUS| SYNC « \0\| RW » U\ 
INR < = INC(IADBUS)I PC <= INRp 
IDBUS « ALUREGl AC <= IDBUSo 
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#34 - STA 

TOs 

Tl« 

T2s 

T3 : 

T4s 

TOCQVLP] s 

T1LQVLP3 s 


using Absolute Indexed^ Y Addressing Mode (5) 


IA D BUS * PC| IR <= DBUSl SYNC = \1\| RW = \1\| 
INR <= INC(IADBUS). 

IADBUS « INRI DL <= DBUSl SYNC = \0\| RW * \1\| 
INR <* INC CIADBUS) I PC INRo 

IADBUS.* INRI DL <= DBUSl SYNC = \0\| RW ■ \1Y| 
INR <= INC (IADBUUS )| OP = \OpOpOpO\| ARGBUS - Y| 
IDBUS = DL| PS = P E4 3p PE 73 I 
CpALUREG <= ALUt OPl ARGBUSl IDBUSl PS) . 

IADBUS = DLpALUREGI DL <= DBUSl SYNC = \0\J 
RW = U\| INRC8:153 O IADBUS 18 si 5 ]| 

OP * ,\OpOpOpO\| ARGBUS - (\0p Op Op Op Op Op Op 0\ S 
\OpOpOpOpOpOpOp 1\) * ( A Cp C)| IDBUS = DL| 

PS = PE43pPE73| PC <= INR| 

ALUREG <= ALUC1S8KQPI ARGBUS IDBUSl PS). 

IADBUS = ALUREGpINRC8 s 1531 SYNC = \0\| RW = \0\| 
IDBUS = AC| DBUS = IDBUSo 

IADBUS = PCI IR <= DBUSl SYNC = \1\| RW = \1\| 
INR <= INC (IADBUS )_. 

IADBUS = INRI DL <= DBUSl SYNC = \0\| RW = \1\| 
INR <= INC(IADBUS)I PC <= INRo 
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#35 = BCC using Relative Addressing Hode(2) 

[branch not taken] 


TO : 

IADBUS 

= PCI IR <= 

D BUS | 

SYNC = \1\| 

RW = \1\| 


INR < = 

INC(XADBUST. 




Tls 

IADBUS 

= INR| DL <= 

DBUSl 

SYNC = \0\| 

RW = \1\| 


INR < = 

INC(IADBUS)| 

PC <* 

INRo 


TOCOVLP]s 

IADBUS 

= INR| IR <= 

DBUSJ 

SYNC * Vl\| 

RW * \1\5 


INR < = 

INC(IADBUS)o 




TIC OVLP3 s 

IADBUS 

= INR| DL <= 

DBUSl 

SYNC = \0\| 

RW = U\| 


INR < = 

INC (IADBUS)| 

PC < = 

INRo 
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#36 ~ 6CS 


TO s 


Tis 


T2 i 


TOCDVLP] s 


TltOVL'P] s 


using Relative Addressing Mode(3) 

[branch taken without page crossing] 


XADBUS = PCI XR <= DBUSI SYNC *.\1\| RW ■ 
XNR <= INC(XADBUS)o 

XADBUS = X NR I DL <= DBUSj SYNC « \0\J RW 
X NR <= X NC(IADBUS)| PC <= XNRo 

XADBUS * XNRJ DL <= DBUSj SYNC * \0\J RW 
N <= DL C 0 ] | OP = V0p0p0p0\J 
ARGBUS' = XADBUS[881531 IDBUS ■ DL| 

PS = PC43pP[7]j 

Cp ALUREG <= ALU(0P| ARGBUSj IDBUSj PS) 0 

XADBUS = XNR[0s7]pALUREG| XR <= DBUSj 
SYNC = \1\J RW = \l\j INR <= INC(X AD BUS ) o 

XADBUS = XNRJ DL <= DBUSJ SYNC = \0\J RW 
XNR <= INC(XADBUS)! PC <= XNRo 


\1\ J 


= V1\J 


= \ 1 \| 


= \ 1 \! 
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#37 - BEQ using Relative Addressing Mode(4) 

[branch taken with page crossing] 


TO s 

IADBUS 

= PC? IR <= DBUS? 

SYNC = \1\? 

RW = U\? 


INR < = 

INC(IADBUS)o 



T1: 

IADBUS 

= INR? DL <= DBUS? 

SYNC = \0\? 

RW m \1\? 


INR < = 

INC(IADBUS)? PC < = 

INRo 


T2 s 

IADBUS 

= INR? DL <= DBUS? 

SYNC = \0\? 

RW = \1\ | 


N <= DLCO] ? OP * \ Op Op Op 0\? 

ARGBUS = IADBUS C 8 s15 3 ? IDBUS = DL? 

PS = P[43pPC73? 

CpALUREG <= ALU(OP| ARGBUS J IDBUS? PS)? 

COUT = ALUCOKOP? ARGBUS? IDBUS? PS)o 

T3s IADBUS = INRCOs73pALUREG? DL <= DBUS? 

SYNC * \0\? R W = \1\? INR[8s15 3 <= IADBUSC8S153 
OP = \Op Op Op 0 \ ? ARGBUS = ( \ Op Op Op Op 0p Op Op 1 \ ! 
\1p1p1p1p1p1p1p 1\ ) $ l A N Up N 6 A C ) ? 

IDBUS = INRC0S73? PS ■■PC43pPC73| 

ALUREG <= ALUC1S83(OP | ARGBUS? IDBUS? PS ) o 

TOCOVLP3S IADBUS = ALUREGpINRC8 315 3? IR <= DBUS? 

SYNC = U\? RW = \1\? INR <- INC( I-ADBUS) . 

T1EOVLP3S IADBUS = INR? DL <= DBUS? SYNC «\0\J RW = \1\? 
INR <= INC(IADBUS)? PC INRo 



INTERNAL OPERATION SEQUENCES OF INPUTS 
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#1 - RES 

TO s 

TH 

T2s 

T3 s 

T 4 • 

T5s 

T6 » 

TOCOVLPD 


Input 

IAD8US = PCI SYNC = \1\| RW ~ U\| 

INR <= INC(IADBUS)o 

IADBUS * INRI SYNC = \0\| RW » \1\| 

INR <= INC(IADBUS)| PC <= INRo 

IADBUS = \0*0j>Oj>0p 0s> Os> Qs> l\s> SP| SYNC ■ \0\| 

RW ® U\| INR E 0 s 73 <= I ADBUS £ 0 s 7]| 

I NR C 8 s15] <= DECC8sl5](IADBUS)o 

IADBUS = INRI SYNC = \0\| RW “ \1\| 

IN RC8 s 15 ] <= DEC C_8 s 15 3 (IADBUS) o 

IADBUS = INRI SYNC = \0\J RW - \1\| 

INRC8U5] <= DECC8sl5](IADBUS)o 

IADBUS = \ lj> Ip Ip Ip Ip la 1 $ Ip 1 s> 1 1 Ip Ip Ip 1 p 0p 0\ | 

DL <= DBUSl SYNC *.\0\| RW « \1\| 

INR <= INC (IADBUS)| PC <= INRo 

IADBUS = INRI DL <= DBUSl SYNC * \0\| RW = \1\| 
ID BUS = DL| TR <« IDBUSl P C 53 <= \1\ 0 

IADBUS = DLpTRl DL <= DBUSl SYNC = \1\| 

RW = \ 1 \ | INR <* INC(IADBUS)! 

IDBUS = PC C8 s153 I SP <= IDBUSo 
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#2 - IRQ Input 

TOs IADBUS = PC| IR <= DBUSi SYNC = \1\| RW = \1\| 

INR <= IADBUS o 

T1s IADBUS = INR| DL <= DBUSi SYNC « \0\| RW ~ \1\| 

INR <= INC(IADBUS ) | PC <= INRo 

T2s IADBUS * \0j>0j>0p0j>0j>0j>0j>1\j>SPJ SYNC = \0\| 

RW = \0\| IDBUS = PC E 0 8 7 3 I DBUS = IDBUSl 
INRC0S71 <= IADBUS[0s 7 3 J 
INRC8S151 <= DECE8sl53(IADBUS)° 

T3S IADBUS = INR| SYNC = \0\f RW = \0\| 

IDBUS = PC £8 s15 3 | DBUS = IDBUSl 

INR C 8 s15 3 <= DECC8S15](IADBUS)I PC 3] <= \0\o 

T4s IADBUS = INR| SYNC «.\0\| RW - \0\| 

IDBUS = PI DBUS = IDBUSl 
INRC84153 <= DEC£88153(1 ADBUS)o 

T58 IADBUS = \1p1p1p1p1p1p1p1p1p1p1p1p1p1p1p0\{ 

DL <= DBUSI SYNC = \0\| RW = \1\| 

INR <= INC(IADBUS ) I PC <= INRo 

T68 IADBUS = I NR I DL <= DBUSI SYNC = \0\| RW = \1\| 

IDBUS = DL| TR < = IDBUSl PE 53 <= \1\ 0 

TO £ 0 V L P 3 s IDBUS = DL p TR I IR <= DBUSI SYNC <= U\| 
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IRQ Input *’***■ Continued 

RW = U\J INR <= INC(IADB US)J 
ID BUS = PC C8 s15]| SP <= IDBUSo 


#3 ~ RDY Input 


BODY SEQUENCES CLDCKo 


ENDSEQUENC E 
CDNTRQLREST(1) J 


CLOCK = PHI 2 £ *0NEj 
ONE = a RDY * (RW £ PHI1) | 


END 
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#4 - NMJ 


TOs 


Tls 


T2S 


T 3 • 


T 4 ° . 


T5 « 


T6 s 


TO CO VL P 3 


Input 

IADBUS = PCI IR <■ DBUSJ SYNC = \1\J RW = 
INR <= IADBUS o 

IADBUS = INRJ DL <= DBUSJ SYNC = \0\| RW = 
INR <= INC(IADBUS)I PC <= INRo 

IADBUS = \OpOpOpOpOpOpOpl\pSPj SYNC “ \0\| 
RW = \0\| IDBUS = PC C 0 s 731 DBUS * IDBUSJ 
IN RCO s7 3 <= IADBUS C 0 s 7 3 J 
INRC8U53 <= DECC8U53 (IADBUS )o 

IADBUS = INR| SYNC = \0\| RW = \0\J 
IDBUS = PC£8 M531 DBUS = IDBUSl 
INRC8S153 <= DECC8S153(IADBUS ) » 

IADBUS = INR? SYNC = \0\| RW = \0\| 

IDBUS = Pj DBUS = IDBUSJ 
INRC8U53. <= DEC C8 s3.5 3 (IADBUS ) o 

IADBUS * \1p3.p3.p3.p3.p1p1p3.p1p3.p1p3.p1pOp1pO\ 
DL <= DBUSJ SYNC = \0\J RW = U\| 

INR <9 INC (IADBUS) I PC < = INRo 

IADBUS = INR{ DL <= DBUSl SYNC “ \0\| RW = 
IDBUS = DL I TR <= IDBUSl .PC53 <= \l\o 

IADBUS = DLpTRI IR <= DBUSl SYNC * \1\| 


\ 1 \| 


\ 1 \| 


\ 1 \| 



NMI Input Continued 


R W s u\j inr <- 
IDBUS = PC C8 5153 


#5 - SoOo Input 

END SEQUENCE 
CONTROLRESETj 

PC13 * (*S0 £ PH II) <■ 

ENDo 


INC (IADBUS) J 
SP <* IDBUSo 


\1\ I 
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6502 AHPL DESCRIPTION 
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AHPLMUDULE: MPU6502. 

MEMORY: AU83; DL[8 ] J IRC 83 5 PC[16 3; INRC163; ALUREGC8 ] J 

SPC83; X C 8 J J Y C 8 3; T R C 8 3 J P[83; RESF; IRQF; NMIF; FFlJ 
F F2 » C; Nj NM IF F J EXT. 

EXINPUTS: RESi IRQ# NM I; RDY# SO; PHIO. 

OUTPUTS! SYNC; RK; PHI 1; PHI2» ADBUSC163; 

COUT; OP[4 ]; PSt2I; ALUOUT18]# ONE; CLOCK; OSC; NM. 
BUSES: IDBUSL8]; IADBUSC16]; ARGBUSC83 

EXBUSES: DBUSI8]. 

CLUNITS: ALU 19] C ALUNIT. 

CLUNaTS: INC [16 ] <: INCR. 

C-UNITS: DEC[16] <: DECR. 

BODY SEQUENCE: CLOCK. 

1 IADBUS » PC; SYNC ■ \1\S RW - \1\J 

1 NR <« INC(IADBUS ); NMIF <■ \0\; IROF 

2 IADBUS * INR; DL <« DBUS; SYNC 

INR <« INC(IADBUS ); PC <■ INR; 

EXT ♦ (RESF + NMIF + IRQF) <■ \1\; 

-> (RESF + NMIF + IRQF ) / (25). 

NODELAY 

-> (IRC63 6 IR C 7 ] ) / (21). 

NODELAY 

_ v / A T ft f 


3 

4 

5 

6 

7 

8 


<« \ 0 \. 
\0\; Rk « \l\; 


■> ( A IR[03 6 ''IR C33 6 IR C 53 6 ^IR C 63 £ 
NODELAY 

-> (IRC43 6 IR[5 3 £ A IRC73) / (10). 
NODELAY 

«> (( IR [ 5 3 £ IR 17 3 ) + ( A IRC33 £ IRC43 
NODELAY 

(16). 


IRC73) / (25). 


£ A IR [5 3 )) / (12) 


>> (IRC43) 
NODELAY 


9 

■> (IR[53) / 
NODELAY 

10 

«> (42). 

NODE L AY^ 

11 

«> l((( IR[0 3 
IRC63) / (21) 
NODELAY 

12 

«> (30). 
NODELAY 

13 

*> ( IR[0 3 £ A 
NODELAY 

14 

■> (IRC03 £ 
NODELAY 

15 

*> (IRC63) / 
NODELAY 

16 

«> (31). 
NODELAY 

«> (IR[0 3 £ 


(19). 


♦ I R C 13 ) £ IRC 33 ) + (IRC03 £ IRC13 £ IR C 2 3 ) ) £ 


IRC13 £ A IR[2 3 £ A IR[33) / (21). 


IRC13 £ IRC23 £ 
( 21 ) . 


IR [33) / (31). 


IR C13 £ A IR [ 2 3 £ IRC3] £ A IR[73) / (21). 



17 

18 

19 

20 
21 

22 

23 


24 


25 


26 


NODELAY _ 

»> (l( A IRC03 6 IRC13 £ IRC 2 3) + (( A IRC03 ♦ IRC13) £ 
IR[3 3 ) ) £ *IR C 6 3 £ IRC73) / (21). 

NODELAY 
»> (35). 

NODELAY 

«> (((( IR[0 3 + IRC13) £ IRC33) + < ^IR C 0 3 £ A IRC23) + 
( A IR C 0 3 £ IR C13 ) ) £ *IR[6 3 £ IRC73) / (21). 

NODELAY 
•> (40). 


IADBUS ■ PC; IR <« DBUS; SYNC 
INR O (INC(IADBUS) ! IADBUS) 
(NMIFF + NM ♦ ( IRQ 
A P C 5 3 ) <• \1\; NMIF 
«> ( 2 ). 

inr; ir < 


£ 

* 


- \i\; rw - \l\; 

* ( A (NMIF F + NM + < A IRQ £ A PC53)), 
PC53))); IRQF * ( A (NMIFF ♦ NM) £ A IRQ £ 
(NMIFF ♦ NM) <« \1\; NMIFF <« \0\; 


IADBUS 


DBUS; SYNC 


u\; 


\ 1 \ S R W 

INR <» (INC(IADBUS ) l IADBUS) * ( A (NMIFF ♦ NM ♦ ( A IRQ 
(NMIFF ♦ NM ♦ ( a IRQ £ *PC53))); IRQF * ( A (NMIFF ♦ NM) 
PC53) O \1\; NMIF * (NMIFF ♦ NM) O \1\; NMIFF <« \ 


■> ( 2 ) 

IADBUS 
INR <« 

(NMIFF 

A P C5 3 ) <» \1\; NMIF 

«> ( 2 ). 

IADBUS - (I NR CO:7 3 »ALUREG ! ALUR EG*INR C 8:15 3) 

n a c); IR <■ dbus; sync ■ u\; rw » \ 1 \; 

INR * r . rt n i i r * *.. 


6 * 
\ 0 \; 


PC53))» 
IRQ £ 


• dl,tr; ir <■ dbus; sync • \i\; rw - \i\;^ 

(INC(IADBUS > ! IADBUS) * ( A (NMIFF ♦ NM + ( A IRQ £ A PC53)), 
+ NM + ( A IRQ £ X PC53))); IRQF ♦ ( A (NMIFF ♦ NM) £ A IRQ £ 

(NMIFF + NM) <■ \1\; NMIFF <■ \0\; 


* < A (N a C ), 


<• (INC(IADbUS) l IADBUS) * ( A (NMIFF ♦ NM ♦ ( A IRQ 
(NMIFF ♦ NM ♦ (IRQ £ *PC53))); IRQF * < A (NMIFF + NM) £ 


\1\; NMIF * (NMIFF + NM) <» \1\; NMIFF <« \0\; 


PC53) ), 
‘IRQ £ 


PC 53 ) < 

»> (2). 

IADBUS ■ \0,0,0,0,0.0,0,1\,SP; SYNC « \0\; 

INRC0S73 <« IADBUSCOS73; 

INRC8J153 <« (IADBUSC 8 s153 I D E C C 8 * 153(IADBUS ) ! 

INCC8 *.153 (IADBUS ) ) * ( A IR C13 £ IRC23 £ *IRC43 £ A EXT, 

EXT ♦ ((* IR C13 + IRC43) £ *IRC23), 

KIRC13 £ IR C 4 3 ) + ( IRE 21 £ I R C 4 3 ) ) £ A EXT); 

RW - ((IR C 2 3 £ *EXT ) ♦ RE SF + (IRC13 £ A IR C4 3 £ A E XT )) ; 

DL * RW <« DBUS; DBUS * IDBUS * RW; 

IDBUS • (PC C 0:7 3 ! INRCO:73 ! AC l DL J P) ♦ (IRQF + NMIF, 

IRC 13_£ IRC23 £ A IRC43 £ A EXT, IRC13 £ *IRC23 £ IRC43 £ 
A EXT, IRC 13 £ IRC23 £ *IRC43 £ A EXT, A IR C13 £ A IRC23 £ 

IRC43 £ EXT); PC * ( IRC13 £ *1R C 4 3 £ EXT) <» INR; 

TR * ( A IR Cl 3 £ IRC23 £ A IRC43 E A EXT) <« IDBUS; 

■> ( *RC23 £ IRC43 £ *EXT, A IR C 2 3 £ IRC43 £ *EXT) / (21, 47). 

IADBUS « iNR; SYNC * \0\; INRC8:153 <» (IADBUSC8J153 ! 

INC C 8 s153(IADBUS) 1 DECCb:153(IADBUS) ) * (IRC23 £ IRC43 £ 

EXT, 1RC13 £ IRC43 £ *EXT, ( x IP C1 3 £ IRC43) ♦ EXT); 
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27 


28 


29 

30 

31 

32 


33 

34 


£ 

♦ 


“EXT, 
NNIF ); 


t a i t 

W \ } 


RW - ((((IRC13 £ I R C 4 3 ) + ( IR C 2 3 £ IRC 43 ) ) 6 “EXT) ♦ RESF)J 
DL * RW <- OBUS; DBUS « IDBUS * RWJ 

IDBUS ■ ( PC CO : 7 3 I PCC8 » 15 3) * (“IRC13 £ IRC23 £ “IRC43 £ 
*EXT, IRUF + NMIF + C IR C13 £ “IRC23 £ *EXT))5 
P[3 3 * IRQF <« \0\i P C 3 3 * C x IR113 £ ^ IR C 2 j £ “EXT) <« \1\; 
*> (IRC23 £ IRC43 £ EXT, IRC23 £ IRC43 £ X T) / (21, 47). 
1ADBUS « inr; SYNC • \o\; 

INR C8sl53_<* (INCC8S153(IADBUS) ! 0 ECC8:153(IADBUS)) * 

(IRC13 £ IR t 2 3 £ x EXT, A IR C13 ♦ EXT); 

RW • ((IRC13 £ “EXT) + RES F ) ; 

DL * RW <* DBUS; DBUS « IDBUS ♦ RW; 

IDBUS « (PCC8J153 ! DL TP) ♦ <“ IRC 13 £ IRC 23 
IRC13 £ A EXT, (“IR C13 £ “IRC23 £ *EXT) ♦ IRQF 
P * (IRC13 £ IR C 2 3 £ “EXT) <« IDBUS; 

TR ♦ (IR C13 £ IRC23 £ “EXT) <- IDBUS. 

IADBUS > (\1,1,1,1,1,1,1,1,1,1,1>1,1,0,1,0\ ! 

\ 1,1,1,1,1, 1,1,1»1,1,1,1,1,1,0,0\ ! 
\1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>0\ 1 
PC 1 INR ! DL,TR ) ♦ (NMIF, RESF, IROF ♦ 

(*■ IR C1 3 £ IRC 23 £ “EXT), “IRC13 £ IRC23 £ “EXT, 

IRC13 £ * IR C 2 3 £ x EXT, IRC13 £ IRC23 £ x EXT); SYNC * 

RW - \l\l DL <« DBUS; PC <- INR; IDBUS » DL; 

INR * {i IR Cl 3 £ IRC 23) ♦ 11RC13 £ IRC 23) + EXT) <■ 

INC(IADBUS); TR ♦ (IR Cl 3 £ *IRC23 £ *EXT) <- IDBUS; 

-> (IR C13 £ IRC23 £ “EXT, (IRC13 8 IRC23) £ “EXT, (IRC13 ♦ 
IRC23 ) £ “EXT) / (22, 23, 48 ). 

IADBUS ■ INR; SYNC - \0\; RW - \1\; DL <• DBUS; IDBUS • CL; 
TR <« IDBUS; P C 5 3 <« \i\; 

RESF <« \0\; IRQF <» \0\; NMIF <■ \0\; EXT <- \0\; 

-> (23, 48). 

NODELAY 
*> < x IR C 0 3 £ 

NODELAY 
*> (“IRC 33, 

NODELAY 

*> ( C 1R C 0 3 £ “IR Cl 3 £ “IRC23 £ PC03) ♦ (“IRC03 £ “IRC13 £ 
IRC23 fc * P C 0 3) + (“IR C 0 3 £ IRC13 £ * IR C 2 3 £ PC13) ♦ 

( IR CO 3 £ IRC13 £ IRC2J £ “PC13> ♦ ( IR C 03 £ “IRC13 £ 

IR C2 3 £ P C 7 3 ) + < IR CO 3 £ “IRC13 £ IRC23 £ “PC73) ♦ 

(IR CO 3 £ IR £ 13 £ “IRC23 £ PC63) ♦ (IRC03 £ IRC13 £ 

IRC23 £ P C 6 3 ) ) / (22 ). 

IADBUS ■ INR; DL <■ DBUS; SYNC « \0\; RW « \1\; 

IDBUS * DL; N <* DL CO 3; ARGBUS « IADBUSC8 i 153 ; 

OP « \0,0,0,0\; C <* ALUC03(0PJ ARGBUS; IDBUS; PS); 

C OUT * ALUC03(0P; ARGBUS; IDBUS; PS); 

-> ( (DLCQ3 8 COUT ) ) / (24). 

IADBUS « INRC0S73,ALUREG; DL <* DBUS; 

INRC8:153 <« IADBUSC8:153; SYNC » \0\; RW * \1\; 


“IRC33, “(“IRC03 £ “IRC33J, \1\) / (54, 49, 21). 
‘I R C 3 3 ) / (22, 56). 


ro 

ro 



35 


36 


37 


38 

39 

40 


I NR [ 0 s 7 ] » OP * \0#0#0#0\; 

> (\Q#0#0#0#0#0#0#1\ l \1#1#1#1#1#1#1#1\) * 
N £ *C ) * 


* (IR t 3 3 # A IRI33); 

A IRt 33 )! DL * RW <■ DBUSj 
X 1 Y I DL) * 

IRC73* RW 6 A IRE63 G 

‘I R CO 3 G 


IDBUS « 

ARGBUS > 

( N t C# 

•> (24). 

IADBUS « INRj DL <« DBUS! SYNC ■ \0\J RW « \1\J 
INR <« INC(IADBUS ) J IDBUS « DL; DP « \0#0#0#0\! TR <« IDBUS; 
ARGBUS - (X ! Y) * ( ( IR C 33 £ IRC53 G x IRt63) ♦ ((^IR C 0 3 + 
IRUI) £ IR C 3 3 £ IR (6 3) # x IR C 5 3 ♦ CIR C 0 3 £ x IR C13 £ IR C 3 3 £ 
IRC6J)); C <* ALUtOKDP? ARGBUS! IDBUS; PS); 

-> (*IR tO ] £ IR11 ] £ X IR12 ] £ IRI33 £ A IRt63 £ A IRt73) / 
(23) . 

IADBUS - (D L # AL URE G J DL# T R) 

SYNC « \0\; PC <■ INRJ 
RW - (IR 10 3 £ A IR 113 £ A IRC 23 £ 

DBUS ■ IDBUS * RW! IDBUS « (AC t 1 
( X RW £ *IR t 6 3 £ IRE73# X RW £ IRC63 
IRC 7 3 # IRt 3 3)! 

INR <- (IADBUS ! INC(IADBUS)) * (IRt33 ♦ IRtfc)# 

IRC13 £ ~IRt63 £ *1R C 7 3 ) j OP « \0»0#0#0\i 
ARGBUS - (V0#0#0#0#0#0#0#0\ ! \0#0#0,0#C#0#0#1\) * 

(IR [ 33 £ A C# IR 13 3 £ C )! 

*> (IR[0 3 £ IRt13 £ x IR12 3 £ IRt33# (IRt 03 E A IRtl3 £ 

IR 12 3 £ ~IR C 3 3 I ♦ (*IRtG3 £ x IR 113 E A lPLfcJ £ A IRt?3) ♦ 

(IR tO 3 £ IR 113 £ IRt6 3 £ IR t 7 3) ♦ C ( IR C 03 ♦ IRtll) £ 

* IR 13 3 £ IR t 73) ♦ (( x (IR 10 3 £ A IR113 £ x IRt23K£ IRC 3 3 6 
IR16 3) + (IR tO 3 £ IRtl3 £ IRC 33 £ IRC63)) £ C# ( x IRt03 ♦ 
IRtll) £ A IR t 3 3 £ IR16 3# (*IRt03 ♦ IRti3) £ IRt63) / 

(21# 46# 54# 37). 

IADBUS « (INR ! ALUREG#INRt0:153) ♦ ( A IRt33# IRE33)) 

SYNC - \Q\# 

RW - (( X IR13 3 £ IR 163) + (IRE03 £ A IRtl3 £ A IRt23)); 

DL ♦ RW O DBUSi OBUS « IDBUS * RW! INR <« IADBUS! 

IDBUS » (AC 1 DL) * (IR C 0 3 £ A IRtl3 £ A IR 12 3# 

A IR 13 3 £ A IRt63 ) ! TR <« IDBUS! 

-> (IR 10 3 £ *IR 113 £ IR t 2 3# ( A (IRt03 £ A IR113 £ A IR t 23) £ 

IR t 3 3 £ *IR t63 ) + ( IR C 0 3 £ A IR 113 £ A IRt63)# *IRt33 £ x IRt63# 
( IR tO 3 ♦ IR 113 ) £ IR 13 3 £ IRt63» ( IR 10 3 ♦ IRtl3) 

(21# 46# 23, 54# 38). 

IADBUS - INRJ SYNC * \0\5 RW 
•> ( X IR t 3 3 ) / (21). 

IADBUS ■ INR! SYNC ■ \0\! RW 
■> (21). 

IADBUS « \0#0#0#0#0,0#0#0\#DL! SYNC « \0\) PC <« 

RW « tIRtO 3 £ A IR t13 £ X IRE23 £ A IR(33); 

DL ♦ RW <■ DBUSi DBUS « IDBUS * A RWi 

IDBUS « (AC ! X ! Y) * (IRtO) £ A IRtl3 £ IR12 3 £ A IR13 3 
IR 17 3# (IR 10 3 £ A IR 113 £ A IRt23 £ A IRt33 £ IR t 63 ) + 

(IR t 33 £ IR16 J ) + ( ( A IR 10 3 + IR 113 ) £ IR 13 3 £ IR16 3 > # 


£ IR C 6 3) / 


\C\i DBUS * IDBUS) 
\0\; DBUS « IDBUS! 


INR; 


222 



4 1 


42 

43 

44 


4 5 


46 

47 


43 


IR C 7 3 ) J 


(IR[0 ] £ A IR E13 £ A IR E2 3 £ A IRt33 £ A IRE63 £ A IRt73) + 

(IRtOJ £ A I R E 13 £ IRC 33 £ IR C 6 3 ) ) 5 

INR <» IADBUS; OP « \ Q* Q» 0* Q\ • ARGBUS - IADBUS[B»153 } 

•> (IR tO 3^£ x IR 113 £ IR C 2 3 £ A IRE33* ((*IRE03 ♦ IR C 13 ) £ 

IR[3 3 £ IR t 6 3 ) ♦ (IRE03 £ X IR C13 £ IRE23 £ *IRE33)* 

t IR C 0 3 ♦ IR 113 ) £ A IR 13 3 £ IRE63* t A IR CO 3 ♦ IR C13 ) £ IRC63) 

/ (21* 46* 5 4* 41). 

IADBUS ■ (INR ! INR[0:73,ALUREG) ♦ ( A IRE33* IRC 3 3)J 
SYNC « \o\; 

RW » (((*IR EQ3 + IR 113) £ IRE33) ♦ (IRC23 £ IRt33))j 
DL * RW <« DBUS; DBUS - IDBUS * RWI 
IDBUS * (AC ! X ! Y) * CIR C 0 3 £ A IR C13 £ A IR C 23 £ IRl 
IR tO 3 £ A IR E13 £ IR C 2 3 £ IRE63* *IRE23 £ X IRE63 £ A 
INR <« IADBUS; 

«> (IR 10 3 £ lR 113 £ IR C 2 3 £ IRE33* (IR CO 3 £ 

IR E 2 3 £ IR t 3 3) + (( X IR£03 ♦ IR C13 I £ IR C 3 3 £ ‘ .. 

( A IR[0 3 ♦ IR C13 > £ IRC33 £ IRE63, ( X IRE03 ♦ IRC 13 > £ IRC63) / 

(21 j. 46* 54* 36). 

IADBUS * \0,0,0,0*0,0*0*0\*DL; SYNC « \0\; RW • MNj 
DL <• DBUS; PC <- INR; I NR C 0 1 7 3 <« IADBUSt0»73| 

INR C8 * 15 3 <- INCt8«153(IADBUS); IDBUS - X; OP - \0>0,0*0\; 
ARGBUS - I A DBUS E 8 s 15 3 . 

IADBUS - (INR ! INR10i73 *ALUREG) * ( IRC 33 » A IRC 3 3); 

SYNC « \0\; RW - \1\; DL <- DBUS? 

INRL6J153 <- INCt8sl53(IADBUS); IDBUS » DL; ARGBUS » YJ 
OP - \0*0,0*0\; C <« ALUC03(0P; ARGBUS; IDBUS; PS). 

IADBUS » (INR 1 DL* ALUREG) * (*IRE33* IR C3 3 ) * 


A IR C13 £ 
IR 16 3), 


SYNC « \0\; RW - \1\; DL <• DBUS; QP ■ \0*0»0,0V; IDBUS » DL; 
ARGBUS - (\0,0*0»0*0»0*0*0\ i \ 0 *0 * 0 * 0* 0* O* 0* 1 \ ) * 

< A C £ IRC33* C £ IRC33); 

INRE8U53 <- IADBUSE85153; TR <■ IDBUS; 

*> ( (IRE03 £ IRC13 £ *IRE23) £ IRE33 £ A C) / (46). 

IADBUS ■ (ALUREG*INR[8:153 I DL * TR) * (IRt33* A IRt33); 

SYNC » \0\; 

RW ■ (IR LO 3 £ IR 113 £ A IR t 2 3 ) ; 

DL * RW <■ DBUS; DBUS ■ IDBUS * A RW; 

IDBUS ■ AC ♦ (IRE03 £ A IR113 £ IRE23); 

■> (IRtO 3 £ IR 113 £ IRE2 3) / (21). 

NODELAY 
«> (21* 56). 

PC <■ INR; IDBUS - DL; AC * (IRE13 £ IR C 23 > <■ IDBUS; 

P * ( IRE13 £ IR C2 3) <■ IDBUS; OP « \0*0*0»0\; 

ARGBUS - \0*0*0*0*0*0*0*0\; 

ALUOUT ■ AL Ut1!8 3(OP; ARGBUS; IDBUS; PS); 

P t 0 3 ♦ (IRC 13 £ IR C 2 3 ) O ALUOUTE03* 

P t 6 3 ♦ (IR C 1 3 £ IRt 23 ) O A ( + mU0UT>. 

IDBUS « PCt 85 15 3 ; SP <« IDBUS; 

*> (57). 


ro 

ko 

w 



P E 7 3 ♦ ( A IR E0 3 £ A IR E13 ) <- IRE23; 

P15 3 * ( A IRE03 £ IRE13) <- IRC23; 

PUJ ♦ ( IR L 0 3 £ IRE 13 £ IR E 3 3 } <■ IR E 2 3 5 

PlIj * (IK E 0 3 £ *IR EI 3 £ IR E 2 3 £ IR E 3 3 £ A IRE63) <* NON; 

IDBUS * (AC ! X J Y ! SP) * ( X IR C13 £ IR E 2 3 £ *IRE33, 

( x Ik E 2 3 £ IR E 6 3 ) + (IR E13 £ IR E 2 3 £ *IRE33), 

( IR E2 3 £ x IR E 3 3 £ x IR £ fc 3) ♦ CIP E 0 3 £ A IRE13 £ A IRE23 £ 

*IR E6 3 ), IRC23 £ IR E 3 3 £ IRE63); OP • NO,0,0,ON; 

A RG BUS ■ (Yi ,1,1,1, if *.1* IN 1 \G.O.O»Of C:»'Un.l\ ! 

NO,0,0,0,0,0,0,ON) * (( *1R E13 £ IR E 2 3 £ 

A IR E 3 3 £ IRC63) + (IRC13 £ IRE63), IR El 3 £ 

A IR E3 3 £ A IRE6J, ( a IRE13 £ IRE63) ♦ IIRE03 £ A IR C13 £ 

IR 12 3 £ IR E 3 3 ) ♦ (*IRE13 £ IR E2 3 £ X IR£33))} 

ALUOUT ■ ALUEUBHOPj ARGBUSj IDBUS} PS); 

P[0 3 <• ( 1 RE 33 ♦ (IR E 2 3 £ IRE63) ♦ ( IR E 0 3 £ A IR El 3 £ 

IR [ 23 £ IR E6 3 ) ) <« ALUOUTC 03} 

PE 6 3 * ( IR E 33 ♦ (IRE 23 £ IRE63) ♦ ( IRE 03 £ A IR E13 £ 

A IR E 2 3 £ *IRE63)) <- * (•»•/ ALUOUT ) | 

■> UIREI3 £ IR E 23 £ A IR13 3 3 ♦ (IRE13 £ IRE63) ♦ (IRE23 £ 

IR E 6 3) , ( IRE23 £ A IR E 3 3 £ *IRE63) ♦ (*IRE13 £ A IRE33 £ 

* IR E 6 3 ), IR E 2 3 £ IRE33 £ IRE63, (C A IR E 0 3 ♦ IRE13) £ IRE33) ♦ 
(IRE23 £ IRE33 £ A IRE63)) / (51, 52, 53, 57). 

IDBUS - ALUREG} AC <» IDBUS} 

«> (57). 

IDBUS - ALUREG} X <» IDBUS; 

-> (57). 

IDBUS « ALUREG; Y <• IDBUS} 

«> (57). 

IDBUS - ALUREG; SP <- IDBUS; 

»> (57). 

IDBUS ■ (AC l DL) * (IRE53, IRE53); 

ARGBUS > (\Q,0,0»C,0»Q»0,1Y ! N I , 1,1,1,1, 1, 1, 1\) * 

(IRE03 £ 1RC23, IRE03 £ *IRE23); 

OP * (\0,0,0,0\ ! NO,1,1,IN i Nl,0,0,0N ! \1,0,0,1\ ! 
N1,0,1,0N) * (IRE03, *IRE13 £ *IRE23, x IRE 0 3 £ IRE13 £ 

IRE23, IR E13 £ IRE23, x IR E 0 3 £ IRE13 £ IRE23)} 

COUT,ALUOUT » ALU(OP; ARGBUS? IDBUS; PS); 

P E 0 3 <* ALUOUT EO 3 ; PE63 <» A (+/ALUOUT); 

PE 7 3^* IR E 03 <* COUT; 

»> (IRE 5 3 ) / ( 50 ). 

IDBUS - ALUREG; 

*> (57). 

IDBUS * DL; ARGBUS • (AC ! X ! Y ! \0,0,0,0,0,0,0,0\) * 
("IRE03 + (IRE13 £ IRE73), IRE13 £ IRE23 £ A IRE73, 

''IR E2 3 £ I RE 7 3, IRE03 £ *IRE13); 

OP * ( N0, 0, 0, 0 N ! \0,0,0,I\ ; \C,0,1,0\ J NO,0,1,IN ! 

\0,1,0,C\ ! NO,1,0,IN 1 NO,1,1,ON) * <IR EO 3 £ IRE13, 

^IR E 03 £ 1RE13 £ IRE23, IRE03 £ X IRE13 £ IRE23, 



57 

ENDSEQUENCE 


*IR C1] 6 A IR C2 3 # A IR C 0 3 £ IRC13 6 A IRC23# IR CO 3 £ IRC13 6 
IRC23 £ IR C 7 3 # ( IR C 0 ] £ *IR[23) + ( IR C13 £ A IRC7]))J 


C OUT#ALUQUT « ALU(QP; ARGBUS } IDBUSj PS)#‘ 

P C b 3 <- x ( + 7ALUOUT ) # 

P C 0 3 <« (IDBUSLQ3 I ALUQUT[0 3) * ( A IRCQ3 £ A IRC13 £ A IR[73# 
( x 1RI 0 3 £ A IR C13 £ IRC73))j P C13 * < *IR C 0 3 £ *IRE13 £ 

IR C 7 3) <« IDBUS C13 » PC13 * ((1R C13 £ IRC2 3 £ IRC73) E 
((ARGBUS £0 3 £ IDBUSC03 £ a ALU0UTC03) ♦ ( X ARGBUSC03 £ 

A ID8US EO 3^£ ALUCUTC03 ) ) ) <« \l\i P C13 * (( IR C 1 3 £ IRC23 £ 

IR 17 3) £ l(ARGBUSC 0 3 £ ID BUS C 03 £ *ALU0UTCO3> ♦ 
l ARGBUS CO 3 £ X IDBUSE03 £ ALU0UTC03)) ) <■ \0\i 
P C 7 3 * ((IRC03 ♦ IRC 2 3) £ IRC13) <■ COUT; 

-> (C IR C Q 3 ♦ IR C 2 3 ) £ IRC73# IRC63# IRC03 £ A IR C13 £ 

IRC 63 £ * I R £ 7 3 ) / ( 50# 51# 52). 


DEADEND. 


CONTRQLRESET(1)# 

RES F * A RES <• \1\J 

FF1 <* A NMIJ FF2 <» NMI ♦ FFli 

NMIFF * ( FF2 £ A NMI) <• \1\} NM ■ A FF2 £ A NMI; 

P C13 ♦ ( SO £ PHI1 ) <• V1\; AD B US - IADBUS; OSC » PHIOJ 
PHI1 « OSCJ PH 12 • A OSCi CLOCK ■ PHI2 £ uNE # 

ONE - a RDY ♦ (RW £ PHI 1 ) ; PS - PE<»3#PC7); 

ALUREG <- ALUCi:83(QP; ARGBUS; IDBUS; PS). 

END. 


ro 

l\J 

tn 
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COMBINATIONAL LOGIC UNIT DESCRIPTIONS 
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CLU: ALUINKOP; ARGli ARG2J PS). 

INPUTS * GPl43i ARG1C83; ARG2C83; PSC23. 

OUTPUTS* ALUC93. 

CLUINTS: B ADD 19 ] <: ADDER{8 J 9}. 

C LG I NTS < DADD[9 I C DECADDER. 

CTtRMSs OUTC93i SAVEC93; NARG2C83; CONE; CZERO. 

BODY 

CONE « \1\; CZERO - \0\; NARG2 « ARG2 > 

SAVE « \0>0*0»0j0»0»0>0»0\J 
FOR N « 0 TO 10 CONSTRUCT 
IF N * 0 THEN 

OUT « BADDURGlJ ARG2J CZERO) 

ELSE IF N « 1 THEN 

OUT * (BADD(ARGl : ARG2; PSC13) 6 A PSC03) ♦ 

(JADD(DP[1J » ARGl; AR G2 J PSCl]) £ PS E 0] ) 
ELSE IF N ■ 2 THEN 

OUT « \0\» (ARGl 6 ARG2) 

ELSE IF N * 3 THEN 

OUT * \0\#(ARGl ♦ ARG2) 

ELSE IF N » 4 THEN 

OUT « \0\,(ARGl 2 ARG2 ) 

ELSE IF N - 5 THEN 

OUT » (BADDURGl; NAR G2» PS El ] ) £ A PSt03) + 

(DADDlGPtlli ARGli NARG2; PSE13) £ PSC03) 
ELSE IF N * 6 THEN 

OUT - BADD(ARGlJ NARG2; CONE) 

ELSE IF N * 7 THEN 
OUT « ARG2>\0\ 

ELSE IF N « 8 THEN 

OUT « ARG2C73,\0\# ARG2I0J6] 

ELSE IF N « 9 THEN 
OUT - ARG2> PS 113 
ELSE IF N * 10 THEN 

OUT > ARG2C73*PSC13*ARG2I0163 
FI FI FI FI FI FI FI FI FI FI Fit 
ALU - (OUT £ (£/TERM(N; OP))) ♦ SAVEj 
SAVE • ALU 
RQF. 

END. 


ro 

ro 

'vl 




CLJ: ADOER(OP 1 > OP2; CIN) U; R>. 

INPUTS: QP1LI3; OP2CI3; CIN. 

OUTPUTS: SUMCR3. 

CLUNITSS BITADDtRC2] O FULLADDER. 

CTERMS: CARRYtR]. 

BODY 

CARRYEI3 « C IN J 
FOR K * I - 1 TO 0 CONSTRUCT 
CARRY[M3*SUM[M+13 - 

BITAODER(CARRYCM+13; OP1IM3; OP2CM3); 
IF N » 0 THEN 

SUMCM3 - CARRYEM3 
FI 

ROF. 

END. 


CLUt DECADDER(COM; OP1; OP2; CIN). 

INPUTS? COM; 0P1I8]; QP2I8]; CIN. 

OUTPUTS* DEC0UTL93. 

CLUNITS: HBADD 151 C ADDE R{ A; 5}. 

CTERMS: C ONS T [A 3; LuW[A3; UP [A 3 ; CD1; CD2; CD3 ; CZERO. 

BODY 

CZERO « \o\; 

CONST * (\O»l»l«0V 6 COM) ♦ (\1,0,1#0\ 6 COM); 

CDI,LOW • HBADD(OP1C A: 73; OP2CA:73; CIN); 

CD2, DECOUTC5:83 * l(\0\,L0W) £ (( L0WC03 ♦ ( LOWC13 £ 

LOW [2 3 ) ) £ CDI £ A COM)) ♦ ( ( \ 1 \ , HB ADD [ 1: A 3 ( L 0 W ; CONST; 
CZERO)) £ (((LQWtO 3 £ LQWE13) * (LQWC03 £ LOWI23) ♦ CDI) £ 
COM)) ♦ ((CDI# LOW) £ (CDI £ COM)) + 

((CDl#HBADDCl:A3(LOW; CONST; CZERO)) £ ( A CD1 £ COM)); 

CD3, UP - HBADD(OP 1 TO : 3 3; OP2EO:33; CD2j; 

DE CQUTt 0:A3 * U\0\»UP) £ (( UPC03 + ( U P E13 £ A UP[23)) £ 

CD3 £ *COM)J ♦ ((\l\#HBADDEl:A3(UP; CONST; CZERO)) £ 

(((UP C 0 3 £ U P[13) ♦ (UP[0 3 £ UPC23) ♦ CD3 ) £ *COM)) ♦ 

((CD3» U P) £ (C D 3 £ COM)) + ((CD3 , HBADDt1:A3(UP; CONST; 
CZERO)) £ ( C D 3 £ COM)). 

END. 
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CIU: FULLADDER (CC! Bl 

INPUTS: 

CC J Bl; 

B2. 

OUTPUTS J 

OOC23. 


BODY 

OOC13 « 

CC 2 


OOtO] « 

( Bl 

END. 



CLUt INCR(X). 


INPUTS: 

X 116 3 • 


OUTPUTS: 

YE163. 



31 3 B2 ; 

£ 32) ♦ (< B1 3 B2l £ CC ) . 


BODY 


END. 


FDR J » 15 TQ 0 CONSTRUCT 
IF J - 15 THEN 
Y C J 3 - X E J 3 
ELSE 

Y[J 3 » XEJ3 2 ( £ /X CJ +1:15 3) 
FI 

RQF. 


CLUJ DECR(X). 

INPUTS: X[16 3 • 

OUTPUTS: Y[16 3• 

30DY 

FOR J - 15 TO 0 CONSTRUCT 
IF J » 15 THEN 
YCJ3 * a[J 3 
ELSE 

YCJ3 ■ XCJ3 2 (£/ XtJ + 1J153 ) 
FI 

R OF . 

END. 
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AHPL CIRCUIT DESCRIPTION MODULE NUMBER 1: 


DATE: 30-Ju TIME: 22:43 

(HPSIM/2.0 U OF ARIZ.) 


AHPL MODUL E: MPU6502. , , 

MEMORY: AC 18 I j DL 18 3; IRI83; PC 1163 » INRI16]; ALUREG 18 3: 

S P[8 ] ; X[03 ; Y [ 8 3 ; TRC83; PC8 3; RESF » IRQF; NMIF; FF1; 

FF2 > Cj NJ NM IFF ; EXT; INH. 

EXINPUTS: RESJ IRQ, NMIi RDYJ SO; PHIO. 

OUTPUTS: SYNC; RW; PHI1; PHI2; ADBUSC163; COUT; CIN; ALUOUT £81; 

one; CDIJ CD2; CD3; L0WC4]; UPC4]; DEC0UTC93; CONSTC43. 
BUSES: IDBUS L 8 ] ; IADBUSI163; ARGBUSC8]. 

EXBUSES: DBUSC83. 

CLUNITS: ADDlt9](ARGBUS; IDBUS; CIN); 

INC 116 ] (IADBUS); DEC[16](IADBUS ); 

ADD2C53(ARGBUSI4:7]; IDBUSC4:73; CIN); 

ADD3I 5 3(ARGBUSIO:33; IDBUSI0:3]; CD2)5 
ADD4[53(L0w; CONST); ADD 5[5 3(UP; CONST). 

1 IADBUS - PC; SYNC * vi\; RW « \l\; INH <■ \i\; 

INR <« INC(IADBUS )} NMIF <« \0\; IRQF <- \0\; 

•> ( A RES) / (1). 

2 IADBUS « INR; DL <» DBUS; SYNC ■ \0\; RW - \1\; 

INR <- INC(IADBUS); PC <« INR; 

EXT * (RESF ♦ NMIF ♦ IRQF) <» \1\; 

INH * ( riRIOJ^fc X IR[33£ IRC4] £ A IR[53 £ IRI63 £ A IRI73) 

+ ((( IRI03 £ A IRC23 £ A IR[33) ♦ l A IRI03 E *IRC13 £ ^ 

IR E 3 3 ) ♦ (IRI13 £ IRI23 £ *IRC33 £ P C4 ])) £ IRI4] £ A IRC53 
£ A IR[6 3 £ IRI73) ) <* \0 \i 

»> ((RESF ♦ NMIF + IRQF) £ RES* A RE$) / (25, 1). 

3 NODELAY 

«> (In 63 £ IR173) / (21). 

4 NODELAY ^ 

-> ( X IR CO 3 £ IR C 3 3 £ A IRI53 £ A IRI63 £ A IRC73) / ( 25). 

5 NODELAY 

-> (IRI43 £ IR15 3 £ A IRI73) / (10). 


\n; 


IRC33 £ A IRI 53 


'IRC63 £ A IR C 7 3 ) / ( 25) . 


NODELAY 

-> (( IRI53 £ IR 173) ♦ ( A IR C 3 3 £ IRC43 £ 
NODE LAY 

-> (IR14 3 ) / (16). 


IR C 5 3)) / (12). 


NODELAY 
-> (IRI 5 3 ) 


( 19 ) . 


38 

9 

NODELAY 

39 


«> (44). 

40 

10 

NODE L AY ^ 

41 


»> (((( IRI03 

42 


IRt 6 3) / (21) 

43 

11 

NODELAY 

44 


«> (30). 

45 

12 

NODELAY 



46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 


13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 


25 


IR 11 3 6 * IR 12 3 £ A IRt 33) / (21). 


»> (IR[0 3 
NODELAY 
»> (IR10 3 
NODE LA v 
«> (IR [6 3 ) 

NODELAY 
■> 131). 

NODELAY 
«> (1R CO 3 
NODELAY 

•> ((( A IR 10 3 6 IR 113 £ IR t 2 3 ) ♦ 
IR t 3 3)) £ A IR 16 3 £ *IRt73) / (21) 
NODELAY 
■> (35). 

NODELAY^ 

-> ( ( ( ( IR103 + IRC13) £ IR 133) ♦ 

i ^ t n r a i r T n r i 1 i » r ^ T n r i i r ^ t 


( I R [ 0 3 
NODELAY 
>> (40). 


. A IR 113 £ IRC23 £ A IRt33) / (31). 

/ ( 21 ). 


IR 113 £ A IR t 23 £ IRC33 £ A IR(73) / (21). 

(( A IR C C 3 ♦ IRC13) £ 


( A IR[0 3 £ A IR £2 3 ) ♦ 


£ IR 113)) £ IR t 63 £ A IRt73) / (21). 


IADBUS « PC; IR <- DBUS; SYNC « \1\; RW ■ \1\| 
INR <- (INC(IADBUS) ! IADBUS) * ( (NMIF ♦ ( x IR C 
(NMIF + ( A IRQ £ / 'Pt53))); IRQF * ( A IR Q £ A PC53) 


NMIF ♦ NMIFF <« \1\; NMIFF <« V0\; 
«> ( A RES, RES) / (1, 2). 

IADBUS • INR; IR <» DBUS; SYNC 


£ A P 15 3)) , 
<• \1\; 


£ A P 15 3 )) # 
P t 53) <■ \1\; 


1 AO BUS « INK; IR 4* UBUSJ SYNC * \l\i RW • \1\! 

INR <« (INC(IADBUS) 1 IADBUS) * ( A (NMIF ♦ ("IRQ 
(NMIF + ( A IRQ £ *PC53)))i IRQF ♦ (*IRQ £ A Pf53) 

NMIF * NMIFF <« \1\; NMIFF <* \0\; 

«> ( A RES, RES) I (1, 2). 

IADBUS « DL,TR; IR <■ DBUS; SYNC ■ \l\j RW ■ \1\| 

INR <- (INC(IADBUS) I IADBUS) ♦ ( A CNMIF ♦ ( A IR 0 £ A PC53)), 
(NMIF + (IRQ £ Pt53))); IRQF * ( A IRQ £ A P[53) <« \1\; 

NMIF * NMIFF O \1\; NMIFF <« \0\; 

■> ( A RES, RES) / (1# 2). 

IADBUS - (INRC0:73,ALUREG ! ALUREG,INRt8:153) * 
n a C); IR <« dbus; sync « \i\; rw ■ \i\; 

“ ■ " 'incur t • i i nnnr t * i as.. 


( A (N 8 C), 


INR <* (INC(IADBUS ) l IADBUS) * ( A (NMIF ♦ ( A IR0 £ A Pt53)), 
JNNIF _IRQ P £ 5 3 > )) i.IRQF. * (*IRQ £ A P[53) <• \1\; 


NMIF* NMIFF <- \1\; NMIFF <■ \C\; 
■> (RES, RES) / (1, 2). 

IADBUS « \0,0,0,0,0,0,0,1V,SP; SYNC 
I NR tO s 7 3 <* IADBUSt0:73 


\ov; 


j v« i nun i j ■ 

I NR [8 s 1 53 <« (IADBUSC8U53 I DEC t8 »15 3 (I ADBUS ) ! 
INCt8:l53(IADBUS) ) * ( A IRtl3 £ IRC23 £ A IR C4 3 £ A EXTj 
EXT ♦ ((*IR 113 ♦ IRC43) £ *IRI23), 

((IRtl3 £ IR t 4 3) + (IP 12 3 £ IPt43)) £ A EXT); 

Rw - (\0\ t \ 1 \) ♦ C((^IR113 ♦ IRC43) £ *IR(23 £ A EXT) ♦ 
IRQF ♦ NMIF, (IR12 3 £ A EXT) + RESF * (IRC? 3 £ A IR[43 £ 


IV 

CO 

rv 



94 

95 
9b 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 
lib 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 


26 


27 


28 


29 


30 


A EXT ) ); DL * Rw <« DBUS i DBUS - IDBUS * A RW; 

IDBUS * « PC C 01 7 3 1.1 NR[0*7] ! AC ! DL 1 Pi * (IRQF + NM IF , 

''Ik Cl 3 £ IR L 2 3 £ A IRL43 £ A E XT. A IR C1 3^ £ A IRL23 £ IR C 4 3 £ 
A EXT, A IR L1 J £ IRC2J £ IR14 3 £ A EXT, A IR[1] £ A IRL23 £ 

IR C 4 3 £ EXT); PC * « IR113 £ IRL43 £ EXT) <» INR; 

TR * riRtl] £ IR C 2 3 £ A IRL43 £ EXT) <- IDBUS; 

‘ " ~ AfvT f nrc P Tor/. 1 


> ( IR C 2 3 £ IR14 3 £ 
A RES) / (21, 49, 1). 
I AD BUS ■ INR; SYNC 


EXT £ RES, A IRt2] £ IR C4 3 E A EXT £ RES, 


SOS; I HR[8*153 <- (IADBUSC8*153 ! 

INC 18 J151(IADBUS) 1 DECL8*153(IADBUS) ) ♦ C IR t 2] £ IR C 4 ] £ 
A EXT, IR[13 £ IRC43 £ *EXT, C * IR C13 £ A IRt4]) + EXT); 

RW - {\ 0 \ ! \1\) * ((*IRL13 £ IR [ 4 3 £ EXT) + IRCF ♦ NMIF, 

((( IR[13 £ IR C 4 3 ) ♦ IIRC23 £ IR14 3 ) ) £ *EXT) ♦ RESF)J 

DL ♦ RW <« DBUS! DBUS » IDBUS * A RWI 

IDBUS - (PC C 0:7 J ! PCL8*153) * ( A IRL13 £ IRL23 £ A IR C4 3 £ 

*EX T» IRQF + NMIF + ( x IR C13 £ A IRL 2 3 £ *EXT)): 

P L 3 3 * IRQF <* \0\J P[3 3 * ( IR Cl 3 £ *IRL23 £ EXT) <« \1\J 

-> (IR[2 3 £ IR[4 3 £ A EXT £ RES, IR C 2 3 £ IRL43 £ A EXT £ RES, 

A RES) / (21, 51, 1). 

I AD BUS « INR; SYNC - \0\; PC * C IR C13 £ IRC23 £ A EXT) <• INR; 
INR L8 * 15 3 <« (INCL8*153(IADBUS) ! DEC[8s153(IADBUS ) ) * 

(IR (. 1 3 £ IRL2 3 £ *EXT, A IRL13 ♦ EXT); 

RW « (\0\ ! \1\) * ( ( IR LI 3 £ A EXT) ♦ IRQF ♦ NMIF*( IRC 13 £ 

A EXTI ♦ RESF); CL * RW <» DBUS; DBUS ■ IDBUS * RW; 

IDBUS - (PC C 8 * 15 3 1 DL ! P) * I A IR C13 £ IRL23 £ A EXT, 

IR113 £ A EXT,^( A IRC13 £ A IRC23 £ A EXT) + IRQF ♦ NMIF ); 

P * (IRL 13 £ IR[2 3 £ *E XT) <- IDBUS; 

TR * (IR C13 £ IR[2 3 £ A EXT) <» IDBUS; 

-> ( A RES) / (1). 

IADBUS - (\1,1,1,1,1,1,1,1,1,1,1,1,1,0,1,0\ ! 

\1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,OS ( 

SI,1,1,1,1,1,1,1,1,1,1,1,1,1,1,CS ! 

PC ! INR ! DL,TR) * (NMIF, RESF, IRQF ♦ 

( IRtlJ £ IRC 23 £ A EXT), A IR C13 £ IRC23 £ A EXT, 

IRC13 £ x IR12 3 £ *EXT, IRC13 £ IRC 23 E A EXT)8 SYNC - SOS; 

RW - SIS! DL <« DBUS; PC * (( IR C13 + A IRC23) £ EXT) <• INR; 
INR * ((*IR[13 £ A IR[2 3) ♦ (IRC13 £ IRC23) + EXT) <■ 

INC(IADBUS)> IDBUS » (PC C 8:15 3 ! DL) * (IR C13 £ IRL23 £ A EXT, 
IRL13 £ A IR[2 3 £ *EXT)1 SP * (IRC13 £ IRC23 £ *EXT) <» IDBUS; 
TR * (IRC13 £ IRC 23 £ A E X T ) <• IDBUS; 

-> (IRC 13 £ IR C 2 3 £ EXT £ RES, C IR C13 3 IRC23) £ A EXT £ RES, 
(IRL13 3 IR C2 3) £ *EXT £ RES, *RES) / (22, 23, 5C, 1). 

IADBUS * INR; SYNC - SOS; RW » SIS; DL <■ DBUS; IDBUS ■ DL; 

TR <• IDBUS; PL 53 <» SIS; 

RESF <- SOS; IRQF <« SOS; NMIF <■ SOS; EXT <• SOS; 

»> ( A IR C13 £ 'IRL2 3 £ A EXT £ RES, A IRC13 E A IR C2 3 £ A EXT £ 
RES, EXT £ RES, *RES) / (23, 50, 23, 1). 

NODE LAY 


ro 

bj 

OJ 



«> ( A IRC03 £ A IRC33, ( IRC03 6 IR C3 3 )# \1\) / (57# 52# 21). 
NODELAY 

-> (*IR C 3 3# IR C 3 3 ) / (22, 59). 

NDDELAY n 

■> ( ( IR C03 £ IR C 13 & IR C 2 3 E PC 03) ♦ (''IR CO D £ A IRC13 £ 

IRC23 £ X P C 0 3 ) ♦ (* IR C 03 £ IRC13 £ * IR C 2 3 £ PC13) ♦ 

( A IRC03 £ IRC13 £ IRC23 £ C13 ) ♦ (IRC03 £ x IR C13 £ 

A IR £2 3 £ PC 73) ♦ (IRC03 £ IRC13 £ IRC23 £ A PC73) ♦ 

( IR CO 3 £ IR Cl 3 £ *IRC23 £ PC63) ♦ (IRC03 £ IRC13 £ 

IRC23 £ A P C 6 3 )) / (22 ). 

IA D BUS « INR; Dl <« DBUS; SYNC * \0\; RW « \1\; 

IDBUS > DL; N <> DLCO 3; ARGBUS - IADBUSC8»153J 
C <* ADD1CO 3(ARGBUS; IDBUS; CIN); 

COUT « ADD1C03(ARGBUS; IDBUS; CIN); CIN • \0\; 

«> ( (DL C 03 3 COUT) £ RES, x RE S) / (2A, 1). 

I ADBUS » INR CO s 7 3,ALUR EG; DL <« DBUS; 

INRC8J153 <- IADBUSC8:153; SYNC - \0\; RW « \1\; 

IDBUS « INR CO s 7 3; 

ARGBUS « (\0,0, 0, 0,0,0,0,IS l \ 1,1,1,1,1 # 1,1,1 \ ) * 

( a n £ c, n £ *c); cin « \o\; 

«> (RES, A RES) / (24, 1). 

I AD BUS « INRI DL <« DBUS; SYNC « \0\; RW « \1\; 

INR <- INC(IADBUS); IDBUS ■ dl; 

TR <» IDBUS; CIN - \0\l 

ARGBUS - (X ! Y) ♦ ((IRC 33 E IRC53 £ A IRC63) ♦ (( A IRC03 ♦ 
IRC13) £ IRC 33 £ IRC63), X IRC53 + (IRC03 £ A IR C13 £ IRC33 £ 
IRC63)); C <■ ADD1C03(ARGBUS; IDBUS; CIN): 

-> riRC03 £ IRC13 £ *IRC2I £ *IRC33 £ A IRC63 £ A IRC73 £ 

RES, RES) / (23, 1). 

I AD BUS ■ (DL,ALUREG I DL ,TR) * (IRC33, A IRC33); 

SYNC ■ \0\; PC <« INR; „ 

RW « (\0\ ! \1\) * (IRC 03 £ A IR Cl 3 £ A IRC23 £ A IRC33# 

(IRC03 £ IRC 13 £ *IRC23 £ IRC331); DL * RW <« CBUS; 


DBUS * IDBUS ♦ RW; IDBUS ■ (AC ! X ! Y l DL) * ( A RW £ 

X IRC6 3 £ IRC73, A RW £ IRC63 £ *IRC73# A RW £ *IRC63 £ 

IR C 73 # IRC33); 

INR <- (IADBUS 1 INC(IADBUS) ) * (j A IRC03 ♦ IRC13) 6 A IRC33 £ 
IRC63, A IR C 0 3 £ IRC13 £ *IRC63 £ IR C 7 3 ) ; 

I NR C B:15 3 * IRC33 <» IADBUSC8 1 153 } 

ARGBUS « (\0,0,0,0,0,0#0,0\ l \ 0, 0, C, 0, 0# 0# 0# 1\) * 

(IRC33 £ *C, IRC33 £ C); CIN ■ \0\; _ 

INH * (( IR C 0 3 £ x IR C13 £ *IRC33) ♦ ( A IRC03 £ A IRC33 £ 

IRC63) + ( IRC03 £ IRC23 £ x IR C 33 £ IRC73) ♦ 

(IRC13 £ IRCZ 3 £ * IRC 3 3 £ IRC73 £ 

P C 4 3) ♦ ((( A IR CO 3 £ A IR C 13 £ IRC33) ♦ ( A IR CO 3 £ A IRC2 3 £ 
IRC33) + (IRC13 £ IRC23 £ IRC33 £ P C 4 3 ) > £ IR C 7 3 £ *C ) ) 

<“ *0\J „ 

»> (IRC03 £ IR C13 £ A IRC23 £ A IRC33 £ RES, UIRC03 £ 



190 

191 

192 

193 

194 

195 

196 
147 
193 

199 

200 
201 
202 
203 
2 04 

205 

206 
2 0 7 
208 

209 

210 
211 
212 

213 

214 
213 
216 
217 
213 

219 

220 
221 
222 

223 

224 
223 
226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 


37 


38 

39 

40 


41 


A IR[1 ] 6 IR[2 ] £ A IR[3 ] ) ♦ C IR C 0 3 £ A IRE13 £ A IRC63 £ 

A IR[7 ] ) + (I R C 0 3 £ IR[1 ] £ *1R C 6 3 £ A IR C 73 ) ♦ ( ( A IR C 0 3 ♦ 

IRC 13 1 £ IR t 33 £ IR 17 3 ) ) £ RES , 

( ( x (IR C 0 3 £ X IR El 3 £ *1R E 23) £ IR[33 £ A IRC63) ♦ (IREC3 I 
A IR E13 £ IR t 3 3 £ IR C 6 3 > ) £ X C £ RES, « A IR C 0 3 + IRC13) £ 

A IR C 3 3 £ IRC 63 £ RES, ( A IPC03 + IRC13) £ X IR[33 £ IPtfc] ( 
RES, X RES ) / (21, 48, 48, 57, 37, 1 ). 

I AD BUS * (INR 1 ALUREG,INRC8:153) * ( A IRC33, IRC33)} 

SYNC ■ \0\J RW ■ (\0\ ! \1\) ♦ (( IRE33 £ 

IRC63) ♦ (IRC 03 £ X IRC13 6 X IRC23), X (( A IRC33 £ 

IRC63) + (IRC03 £ A IRC13 £ A IRC23)))J 

DL * RW <■ DBUS; 08US « IDBUS * RW; INR <• IADBUS; 

IDBUS « (AC i DL > * (IRC03 £ A IRC13 £ IRE23, 

A IR C 3 3 £ A IRC63); 

TR <- IDBUS i 

INH * ((*1R E 0 3 £ IR C 33 £ IRC63) ♦ ( A IR C 0 3 £ A IR C13 £ 

IRC 33) ♦ ((( IRC03 £ *IRC23 £ IRC33) ♦ (IRC13 £ IRC23 £ 
IRC33 £ P C 4 3) ) £ IRC73)) <* \0\; 

»> ( IR CO 3 £ A IR C13 £ X IR E 2 3 £ RES, (( A (IR C 0 3 £ 

IR Cl 3 £ IRC23) £ IRC33 £ A IRCfc3) «■ < IR CO 3 £ A IR C 13 £ 

IR C 6 3) ) £ RES, IR C 3 3 £ IRC63 £ RES, ( A IR C 0 3 ♦ 

IRC 13 ) £ IR C 33 £ IRC63 £ RES, < A IR C 0 3 + IRC13) £ IRC33 6 

IRC63 £ RES, *RES) 7 (21, 48, 23, 57, 38, 1). 


IADBUS ■ INR; SYNC « \Q\; RW 
«> ( X IR C3 3 £ RES, A RES) / (21, 
IADBUS « INR; SYNC » \0V; RW - 
■> (RES, A R ES) / (21, 1). 


\o\; DBUS 

1 ). 

\o\; DBUS 


IDBUS; 

IDBUS; 


IADBUS ■ \0,0,0,0,0,0,0,0\,DLI SYNC * \0\; PC <* INR; 
RW « (\0\ 1 \1\) ♦ (IR CO 3 £ *IR C13 £ A IRC23 £ A IRC33, 

*iTorm r A Torii c *rnr c *TBriili! 


A IR C 3 3 
♦ 


(IR CO 3 £ A IR C13 £ "IRC23 £ A IRC33)); 

DL * RW <« DBUS; DBUS « IDBUS * RW; 

IDBUS - (AC ! X 1 Y) * (IRC03 £ A IR C13 £ A IRC23 £ 

IRC73, (IRC03 £ X IRC13 £ A IR C 2 3 £ A IR C 3 3 £ IRC63) 

(IRC33 £ A IRC 63) ♦ ((*IRCO 3 ♦ IRC13) £ IRC33 £ IRC63), 

(IR CO 3 £ IR C13 £ A IR C 2 3 £ A IR C 3 3 £ A IRC63 £ X IR C 7 3 ) ♦ 

(IR CO 3 £ IR C13 £ IRC33 £ IRC63)); 

ARGBUS > IADBUSC8:153; CIN > \0\; INR <- IADBUS; 

INH * (( IRC 03 £ IRC33 £ I RC 63) ♦ ( A IRC03 £ X IRC13 £ 
X IRE33> ♦ ("IRC03 £ X IRC23 £ X IRC33) ♦ (IRC13 £ IRC23 £ 

IR C 3 3 £ IRC73 £ PC4J)) <• \0\; 

«> (IRC03 £ A IRC1 ],. £ A IR E2 3 £ x IRC 33 £ RES, ((( A IRCC3 ♦ 

IRC 13 ) £ IRE33 £ A IRC63) ♦ (IRC03 £ *IRC13 £ IRC23 £ 

*IR C3 3)) £ RES, ( A IR CO 3 ♦ IRC13) £ *IRC33 £ IRE63 £ RES, 

( X IR CO 3 ♦ IRC13) £ IRC 33 £ IRC63 £ RES, A RES) / 

(21, 48, 57, 41, 1 )* 

IADBUS » (INR ! INRC0173,ALUREG ) * < A IR C 3 3, IRC33)1 

SYNC » \0\; RW * (\0\ I \1\) * ( IR C 3 3 £ (IRC03 £ *IRC13 £ 

X IR C 2 3 J , ( l IR C 0 3 + IR Cl 3) £ IRC33) ♦ (IRC23 £ 


rv, 

u 

oi 



238 


239 


240 


24.L 


242 


243 


244 


245 


246 


247 


248 


249 

42 

250 


251 

43 

252 


253 

44 

254 


255 


256 


257 


258 

45 

259 


260 


261 


262 


263 


264 

46 

265 


266 


267 


268 


269 


270 


271 


272 


273 


274 

47 

275 


276 


277 


278 


2 79 


280 


281 


282 

48 

283 


284 

49 

285 



IR [ 3 ] ) ) J DL * RW <■ DBUS. DBUS -IDBUS * RW) 

IDBUS - (AC l > ! Y) * ( IR C 0 1 £ ^ I R C1 ] £ A IPC2] £ IR[7], 
IRtOl £ A 1R [ 1 ] £ IR [2 ] £ IR[63# *IR[2] £ IR[61 £ IR t 7 J ) i 
INR <» IADBUS; INH * ( l^IRCOJ £ IR C 3 3 £ IRC63) ♦ ( IR10 3 £ 
"IRC13 £ IR [3 ] ) + ( IRC 0] £ A IR C2 3 £ IR C 3 3) ♦ (IR C13 £ 

Ik [ 2 ] £ IR C 3 3 £ IRE7] £ P C ^ 3)) <« \0\5 

«> (IR C 0 3 £ A IR[1] £ IR C23 £ IR C 3 3 £ RES# (<IRI 0 3 £ 

A IR[13 £ IR C 23 £ IRC 3 3 ) ♦ ( (* IR L 03 ♦ IR C13 > £ IR C 33 £ 

A IR[63 ) ) £ RES# (*IR[03 ♦ IR[13 ) £ IR[33_£ IRC 6 3 £ RES# 

(* IR[0 3 ♦ IR[13 ) £ IR C 3 3 £ IR C 6 3 £ RES, A RES) / 

(21# 48# 57, 42# 1). 

I AD BUS - INR; SYNC « \0\J RW ■ VOV; DBUS « IDBUSJ 
»> ( x IR [ 3 3 £ RES# A RES) / (21# 1). 

IAD BUS - INR; SYNC ■ \0\; RW « \0\J DBUS ■ IOBUS; 

■> (RES# RES) / (21# 1). 

IAD BUS * \0,0#0#0#0»0#0#0\#DL i SYNC - \0\; RW « \1\J 
DL <« DBUS# PC <« INRJ INR[0*7] <« IADBUS[0*71; 

I NR[8*15] <» INCC8X153(IADBUS)! IDBUS - XJ 
ARGBUS - IADBUS [8 *15lJ CIN ■ \0\J 
«> ( X RE S) / (1). 

IADBUS * (INR J INR[0S7]#ALUREG) + 

SYNC * \0\J RW « V1V* DL <« DBUSj 
INR[8*15] <- INCI8*15 1 (IADBUS )j 
IDBUS « DL; ARGBUS » Y; CIN - \0\J 
C <« ADD1[0]( ARGBUS J IDBUS; CIN); 

»> ( A RES) / (1). 

IADBUS • (INR 1 DL#ALUREG) * ( A IR[3 3# IR[3])J 
SYNC « VOW RW « \1\J DL <» OBUSJ 
IDBUS - DL; 

ARGBUS - (\0#0#0#0#0#0#0#0\ ! \0#0#0#0,0#0#0#1\) ♦ 

( A C £ IR[3 ] # C £ IR[3 3 ) J CIN • VOV; 

I NR[8*153 <■ IADBUS!8*151; TR <■ IDBUS; 

INH * ( ( ( A IR [0 3 £ x IR[ 11 ) ♦ ( IR [0 3 £ A IR[ 2 3 ) 

IR[2 3 £ P[4 3)) £ IR[3 3 £ A C ) <« 

-> ( x (IR [0 3 £ IR [ 13 £ IR [ 2 3 ) £ ; 

(48, 1). 

IADBUS - (ALUREG,INR[0*153 J DL# TR) ♦ (IRI33# A IR[31); 

SYNC • VOX; ^ 

RW - (VOV 1 V1V) * (IR[03 £ A IR [ 13 £ A IR[2 3 * A (IR[03 £ 

* IR[13 £ A IR[21))J DL * RW <■ DBUS* DBUS « IDBUS * *RWJ 
DBUS - AC * (IR[0 ] £ A IR[13 £ X IR[231; 


(IR [ 3 ] # A IR E 3 3 ) ; 


♦ CIR Cl 3 £ 


‘C £ RES# a RES) / 


IDBUS - AC * (IR[0 3 
INH * ( ( IR (03 £ IR C 23) ♦ 

IR[21 £ P[4])) <« VOV; 

«> (IR[0 3 £ * IR[1] £ *IR[2 3 

NODELAY 

»> (21# 59). 

PC <• INR; 

-> ( A RES) / (1). 


IR[23 ) 

( A IR[0 3 6 *1R[13 ) 


♦ ( IR[13 £ 


£ RES# A RES) / (21# 1) 


236 



286 

287 

288 

289 

290 

291 

292 

293 

294 
2 9 5 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 
31 
31 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

333 


50 

51 

52 


53 

54 

55 

56 

57 


(+/ALU0UT)) 


IDBUS - PC[8 J15 3 } SP <■ IDBUS) 

»> (60). 

PC O INR; IDBUS « DLI AC * IRC13 <» IDBUS) 

P * IR 111 <- IDBUS) ARGBUS ■ \0»0# 0,0,0#0,0#0\) CIN « \0\) 
ALUOUT * ADDlll:8](ARGBUS) IDBUS) CIN)) 

PC03 * I R [ 1 ] <- ALU0UTC03) PI 61 * IRQ) 

-> (RES# *RES) / (50# 1). 

PC73 ♦ ( IR CO 3 £ * IR[13) <» IRC23) 

P C 5 3 ♦ ( IR CO 3 £ IRC13) <« IRC23) 

P143 * (IRC03 £ IR[13 £ IRI33) <» IRC 23 ) _ 

P[13 * (IRC03 £ * IR C13 £ IRC23 £ IRC33 £ A IRC63) <« \0\) 
IDBUS « (AC l X ! Y i SP ) * ( X IRC13 £ IRC23 £ X IRC33# 

( X IR C 2 3 £ IRC63) ♦ (IRC13 £ IRC23 £ *IRC33)# 

/ ^ r n r n i r A r n r o i r ^ t n r £. i i a 7 t n r rt 1 r ^ T ft f i 1 


( A IRC23 £ ''IR C 33 £ A IRC63) ♦ (IRC03 £ 
A IR C 6 3 ) # 1RC23 £ IRC 3 3 £ IRC63)) CIN 


IRC23 £ 


IRC13 
\0\) 

ARGBUS * l\lil»l»bl>lf 1»1\ ! \ 0/0.0. 0. 0# 0. 0. 1 \ ! 
\0#0#Q#0#0#0,0#0\) * ((*IR113 £ *IRC23 £ 

IRC33 £ IRC63) + (IRC13 £ IRC63), IRC13 £ 

A IR C3 3 £ A IRC 63 # ( A IRC13 £ IRC63) + (IRC03 £ A IRC13 £ 

IR[2 3 £ 1RC33) + l x IR C13 £ IRC23 £ A IRC33))) 

- ADDUlt 83 (ARGBUS) IDBUS) CIN)) 

( A IR C3 3 + (IR C 23 £ IRC63) ♦ (IRC03 £ 

£ X IR C63 ) ) <» ALU0UTC03) 

( a IR 33 + (IRC 23 £ IRC 63) ♦ (IRC03 £ 

£ *IRC 63 )) <■ x {♦/ALUOUT )) 

■> (((IR CO 3 £ * IR[13 £ ^IK C 2 3 £ IRC33 £ A IRC63) ♦ ( A IRC13 £ 

IR C 2 3 £ *1R C 3 3 £ IR C 6 3 ) J £ RES# ( IRC13 £ IRC23 £ A IRC33) ♦ 
(IR113 £ IRC 63) ♦ (IRC23 £ IRC63) ) £ RES# (( A IRC23 £ ^ IRC 33 
£ IR C 6 3 ) ♦ ( A IR Cl 3 £ *IRC33 £ *IR t6 3 ) ) £ RES# *IRC23 £ 

IRC33 £ IRC63 £ RES# ((( A IR[03 ♦ IRC13) £ IRC33) ♦ (IPC23 £ 
IRC 33 £ *1R C 6 3 ) ) £ RES# A RES) / (53# 54, 55# 56, 60# 1). 
ALUREG) AC <- IDBUS) 


ALUOUT 
P CO 3 * 
IR [2 3 
P C 6 3 * 
IR C 2 3 


IRC13 £ 
IRC13 £ 


IDBUS « 

«> (60) 

IDBUS 
«> (60) 

IDBUS 
-> (60) 

IDBUS 
•> (60) 

IDBUS 
ARGBUS 

(IRC03 £ IRC23# IR CO 3 £ A IRC23)) 

COOT,ALUOUT - (ADD 1(ARGBUS) IDBUS) CIN) i IDBUS#\0\ ! 
IDBUSC73#\0\#IDBUSC0*63 1 IDBUS#PC73 J 
IDBUSC73#PC73»IDByS[Qs63) * ( INH, A IR C 


- ALUREG) X <* IDBUS) 

•*ALUREG) Y <- IDBUS) 

). 

- ALUREG) SP <» IDBUS) 

■ *(AC i DL) * ( A I R C 5 3 # IRC53)) CIN ■ \0\5 
(\0#0#0#0#0#0#0#1\ ! \1#1#1#1#1#1#1#1V) A 

iDfji. lorni r "iDron- 


IDBUSC73#PC7]#IDBySC0! 

* IR CO 3 £ IRC13 £ IRC23# 
IRC23))PC03 
P 17 3 ♦ INH 


IRC13 £ IR C2 3# 

‘IR C13 £ IRC23# A IRC 03 £ IRC13 


<- ALUOUT CO 3) PC 6 3 <• A (+7ALU0UT)) 

<« COUT) INH <* \1\) ALUREG * X INH <« ALUOUT) 


ro 

co 



■> ( A IRC 53 6 RES# A RES) / (53# 1). 

58 IDBUS - ALUREG; 

«> (60). 

59 CIN « C\0\ ! \1\ ! P[7 3 ) * (IRC03 £ A IRC1) E IRC23# (IRC03 £ 

IR [ 13 E A IR C 2 3 ) ♦ (IRC03 E IR C13 £ ^1R C 7 3 > » IR C13 £ IR E 2 3 £ 

IR[7 3); IDBUS « (DL ! *DL ) * (*(IR[03 £ IR C13 ) # IRC03 £ 
IRL13); ARGBUS - (AC ! X ! Y I \0# 0# 0# 0# 0# 0# 0# 0\) * ( A IRC03 4 

(IR[13 £ IRC73)# IRC13 £ IR C 2 3 £ ^IR C 7 3 # A IRC23 £ A IR C7 3 # 

IRC03 £ IR C13 ) # 

CD1# LOW « ADD 2(AR GBUS C 4 :73# IDBUSC 4*73> CIN); 

CONST « (\0#1»1#0\ l \I#0»1>0\) * ( IR 10 3# IR CO 3 ) S 
C D2 D EC OU T t 5 s 8 ] « (\0\#L0W J \1\#ADD4[1:43(LOWJ CONST) ! 

CD1#LOW 1 CD1#ADD4C1:43(L0W; CONST)) * ((*L0WC03 ♦ € LOkt13 
£ * LOW C 2 3 ) ) £ CD1 £ A IRt03# ((L0WC03 £ L0WC13) 4 (L0WC03 £ 
LOWC23) ♦ CD1) £ *IR£03# CD1 £ IRL03# x CDl £ IP[03)J 
CD3#UP * ADD3(ARGBUSCO* 33 * IDBUSC0:3); CD2); 

DECQUTCOJ43 » (\0\#UP ! \1\#ADD5C1:43(UP; CONST) I CD3#UP l 
CD3#ADD5C1*4J(UP; CONST)) * (( UP CO 3 4 (*UPC13 £ A UP E 2 3)) E 
*CD 3 £ * IR C 0 3» (CUPCQ3 £ UPC 13 ) + (UP CO 3 £ UPC 2 3) + CD3) £ 

IR[0 3 # CD3 £ IR[0 3 # *CD3 £ IR[03)J 
COUT# ALUQUT « (ADD1IARGBUS# IDBUS; CIN) ! DECOUT ! 

\0\#(ARGBUS £ IDBUS) ! \0\#(ARGBUS 4 IDBUS) ! 

\0\#(ARGBUS 8 IDBUS)) * (INH, IRC13 £ IR C 2 3 £ A INH. 

IR CO 3 £ *IRC13 £ IRC23# *IRC03 S * IR C1 3 £ A IRC23# A IR[C3 £ 
IRC13 £ A IR£23); PC63 <« A {+/ALUOUT)s 

P L 0 3 <■ (IDBUSCOI l ALU0UTC03 ) * (*IRC03 £ A IRC13 £ A IR[73# 

( IRC03 £ x IR C13 £ A IR E 7 3))? PCI) * ( X IR CO 3 £ IRC13 £ 

IR C 7 3 ) <« IDBUSC13i P C13_♦ (CIR C13 £ IRC2 3 £ IRC73) £ 

((ARGBUSC03 £ IDBUSC03 £ a ALU0UTC03) 4 (*ARGBUSC03 £ 
a IDBUSC03 £ ALUOUTCO)))) <« \1\; PC13 ♦ UIRCI3 £ IRC23 £ 

IRC 7 3) £ ((ARGBUS C 0 3 £ IDBUSCO) £ *ALU0UTC03) 4 

( X ARGBUSC03 £ *IDBUSC0) £ ALUOUTC 03)) ) <■ \0\; 

P C 7 3 * ((IR CO 3 ♦ IR C 23) £ IRC13) <■ COUT; 

INH <- \1\| ALUREG ♦ *INH <■ ALUOUT; 

■> (( IR COJ ♦ IRC 23) £ IRC73 £ RES# IRC63 £ RES# IRC03 £ 

IR C13 £ A IR C 6 3 £ *IRC73 £ RES# *RES) I (53# 54# 55# 1). 

60 DEADEND. 

ENDSEQUENCE 

CQNTROLRESET(l); 

RES F * A RES <- \1\; 

FF1 <- a NMI; FF2 <■ NMI 4 FFI ; 

NMIFF * ( A FF2 £ A NMI ) <■ \1\; 

PC13 * (SO £ PH 11) <« \1\; ADBUS » IADBUS; 

PHI 1 » PHIOJ PH12 « PHIO; 

ONE « A RDY * (RW £ PHI1) ; 

ALUREG * INH <« ADD1C1«83(ARGBUS; IDBUS; CIN). 

END. 


AHPL CIRCUIT DESCRIPTION MODULE NUMBER 2: 


ro 

u> 


00 


DATE: 30-Ju 


TIME: 22:45 



(HPSIM/2 .0 0 OF ARIZ.) 


3 81 

382 

383 

384 
38 5 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 
3 96 
397 

AHPL CIRCUIT 


398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

AHPL CIRCUIT 


AHPLMODULE: 
MfcMORY: 
INPUTS : 
OUTPUTS: 
CLUNITS: 


ENDSEQUENCE 
CONTROLRESETU ) i 
EltOJ 
E 1E1 3 
E 112 3 
Ell 3] 
E 1C 43 
E1I 53 
DBUS 


RAMI. 

Ml<256>183. 

ADBUSC16H RWJ PHIZ. 

E1 L 6 ] . 

0CDC256](ADBUSC8:153)i BUSFNC8](MlJDCD). 

> (1). 


'ADBustoi; 

‘ADBUS C63J 

* ADBUS17 3 j 
PHI2I 

BUSFN(M1:0CD(ADBUS[8:153)) 


♦ ( (E/El ) E RW) J 


Ml * (DCD(ADBUSt8:i53) £ ((E/El) E RW)) <» DBUS. 

END. 

DESCRIPTION MODULE NUMBER 3: DATE: 30-Ju TIME: 

(HPSIM/2.0 U OF ARIZ.) 


AHPLMODULE: 

memory: 

INPUTS: 

OUTPUTS: 

CLUNITS: 

1 «> 

ENDSEQUENCE 

C0NTR0LRESET(1); 

E2C03 
E2C13 
E2123 
E21 3 3 
E2C 43 
E2I53 
DBUS 
M2 * 

END. 

DESCRIPTION MODULE NUMBER 


RAM2. 

M2<256>t83. 

ADBUSI163; RWJ PHIZ• 

E216 3. 

DC DC 256 3 (ADBUSC8:153 ) ; BUS FNt 6 3(M2JDCD). 

(1 ). 


ADBUS 10 3; 

- ''ADBUS 16 3 ; 

• U\J 

• ADBUS173 J 

- PHI2 J 

- BUSFN(M2?DCD(ADBUS18:153)) * 
(DCD(ADBUS18:153) E ((E/E2) £ ' 


((E/E2 ) E RW) ; 
RW)) <« DBUS. 


4: DATE: 30-Ju TIME: 

(HPSIM/2.0 U OF ARIZ.) 


415 

AHPLMODULE: 

R AM 3 . 

416 

MEMORY : 

M3<256>(83. 

417 

INPUTS: 

ADBUS1163; RW; PHI2. 

418 

OUTPUTS: 

E3C63. 

419 

CLUNITS: 

DCD12563(ADBUSC8:153) 

420 

1 

> (1 ). 


22:45 


22:45 


239 



421 ENDSEQUENCE 

*22 C3NTR0LRESET (1) J 

423 E3t0J ■ \1\; 

424 E 31 1 ] ■ AD BUS 

425 E3 C 2 3 * ADBUSL 

426 E 3 E 3 3 » \1\; 

427 E3[4 ] « a ADBUS 

428 E3C5] « PHI2J 

429 DBUS - BUSFN (M 

430 M3 * (DCDlADBU 

431 END. 

AHPL CIRCUIT DESCRIPTION MODULE NUMBER 


"ADBUSIO] i 
ADBUSL61; 


''AD&usm; 

PHI2J 

BUSFN(M3|DCD(ADBUSC8*151 ) ) * ((E/E3) 6 RW)J 


M3 * CDCD (ADBUS 18:15 ] ) £ (<£/E3) £ A RW)) <« DBUS. 


DATEt 30-Ju TIME: 22t46 

(HPSIM/2.0 U OF ARIZ. ) 


AHPLMODULEI ROM. 

MEMORY* M4<1024>m. 

INPUTS* ADBUSC16I; PHI2. 

OUTPUTS* E4L43. 

CLUNITS: DC DC 1024 ] (ADBUS16:15]); BUSFNC83(M4;DCD). 

1 *> ( 1 ). 

ENDSEQUENCE 
CONTROLRESET(1)J 

E4 C 0J » PHI2J 
E4 C11 • ADBUS C 0]J 
E4C23 » ADBUS C4]J 
E4C 3] - ADBUSC53; 

DBUS - BUSFN(M4;DCD(ADBUSC6*153)) * (£/E4). 

END. 


HP SIM COMMUNICATION SECTION FOR THE ABOVE MODULES DATE* 30-Ju TIME* 22*46 


OPTION 6. 

CLOCKLIMIT 380. 
EXLINES RES ■ 0#5»li 
IRQ * lj 
NMI » 1| 


J 

P 

INITIALIZE 


r\ t. j 

IRQ 
NMI 
RDY 
SO - 
PHIO 

t M 


• 02 ; 


'26 

OUTPUTS PH 101 PI 
IDBUSi 
ALUREGJ 


85 I '03 l 'A 5 l ' 
26 l '01 i 'A5 ! 1 
II PHII * PHI2I RESj 
IS; ARG&US; DBUS; t 

ieg; aluout; sp; Xi 



463 

464 

465 

466 


DUMP Ml<0»255>j 
M2<0:255>; 
M3<0s 2^5>J 
M4<0: 102 3>( 


::::: EXECUTION WILL STOP AFTER 380 CLOCK PULSES ::::i 
AHPL FUNCTION LEVEL SIMULATOR OUTPUT IS LISTED BELOW: 


PHIO 
PHI 1 
PHI 2 
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! ! NMI 
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